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1.  PURPOSE 


The  general  purpose  of  the  second  year  of  this  study  is  to  extend  the  study  of 
pulsed  nuclear  radiation  effects  on  the  operating  characteristics  of  coaxial  C-band  bea¬ 
con  ferrite  duplexer  devices  and  Lo  include  the  study  of  pulsed  nuclear  radiation  effects 
on  the  operating  characteristics  of  waveguide  ferrite  duplexing  devices  operating  under 
both  high  and  low  r-f  power  conditions.  The  coaxial  duplexer  to  be  investigated  further 
was  developed  by  the  Sperry  Microwave  Electronics  Company  under  Contract  No. 
DA36-039-SC-85330.  The  four-port,  differential  phaseshift,  waveguide  duplexer  and 
the  Y- junction  waveguide  circulator  to  be  investigated  were  also  developed  by  the 
Sperry  Microwave  Electronics  Company  for  use  in  various  types  of  radar  and  commu¬ 
nication  applications.  Experimental  radiation  effects  data  are  to  be  acquired  for  the 
duplexers  and  'or  their  components  operating  in  a  frequency  range  of  5.4  to  5.9  Gc  and 
at  least  two  r-f  power  levels,  one  below  one  watt  (low  power)  and  the  other  as  high  as 
possible  (expected  to  be  near  5  kilowatts  peak). 

Specifically,  the  aims  of  the  seventh  quarter  of  the  study  were  the  following: 

•  To  perform  a  fifth  series  of  experiments  at  the  Sandia  Pulsed 
Reactor  Facility  (SPRF),  during  the  week  of  2  December  1963, 
involving  irradiation  of  the  individual  waveguide  and  coaxial  du¬ 
plexer  components  and  assembled  coaxial  duplexer.  The  compo¬ 
nents  were  operated  under  two  levels  of  power  approximately 
equal  to  100  milliwatts  cw  and  5  kilowatts  pulsed. 

To  reduce  and  analyze  the  data  recorded  during  the  fifth  series  of 
experiments. 
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2.  ABSTRACT 


This  report  presents  the  results  of  the  fifth  series  of  radiation  environmental 
experiments  conducted  during  the  seventh  quarter  of  the  program.  Included  in  the  re¬ 
port  are  a  description  of  the  equipment  used  to  perform  the  experiments,  the  measure¬ 
ment  techniques  employed,  and  a  complete  dosimetry  report.  Photographs  of  impor¬ 
tant  phases  of  the  test  are  given  to  provide  the  reader  with  a  better  insight  into  the 
study.  The  microwave  high  power  tests,  which  were  initiated  during  the  fourth  series 
of  tests,  were  continued  for  the  fifth  series  of  experiments.  Conclusions  presented 
are  based  upon  the  data  taken  thus  far,  including  the  fourth  and  fifth  series  of  tests 
with  high  power  operation. 
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3.  PUBLICATIONS/  LECTURES,  REPORTS 
AND  CONFERENCES 


3.  1  PUBLICATIONS 

No  additional  publications  were  generated  during  this  reporting  period. 

3.2  LECTURES 

None  in  this  reporting  period. 

3.3  REPORTS 

None  in  this  reporting  period. 

3.4  CONFERENCES 

A  conference  was  held  on  17  December  1963,  at  the  U.  S.  Army  Electronics 
Research  and  Development  Laboratory,  Fort  Monmouth,  New  Jersey.  In  attendance 
from  the  U.  S.  Army  Electronics  Research  and  Development  Laboratory  were: 

L.  L.  Kaplan 
F.  Palmisano 
William  H.  Wright 
John  Carter 

In  attendance  from  Sperry  was:  G.  R.  Harrison. 

The  purpose  of  this  conference  was  to  analyze  and  review  the  results  of  the  program 
to  date  and  to  discuss  and  formalize  the  scope  and  plans  to  be  followed  for  the  re¬ 
mainder  of  the  program. 
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4.  FACTUAL  DATA 


i.  1  EXPERIMENTAL  PROCEDURES 
1.  1.  1  IntrpdueUon 

|  I'li *  n l tii  series  "I  tests  was  conducted  In  extend  the  information  obtained  on 

,  .  ,  l .  2.  i.  t> 

die  coaxial  and  waveguide  components  teslcd  previously  and  to  continue 

a  study  ol'  these  components  operating  under  a  much  higher  power  level  than  earlier 
experiments.  Low  power  microwave  experiments  arc1  conducted  using  approxi  mate  I  \ 
loo  milliwatts  ol  ew  power  to  drive  the  components  under  test.  High  power  micro- 
wave  tests  empho  a  magnetron  power  source  to  drive  the  components  under  test  with 
approximately  •>  kilowatts  o|  peak  power.  The  high  power  source  delivers  two  r-T 
pulses  approximately  lo  microseconds  in  width  with  a  separation  of  150  microseconds. 
Tlu‘  iirst  pulse,  herealter  called  1M.  was  delated  lrom  the  control  room  (SPIIK1 
synchronization  trigger  In  approximately  220  microseconds .  This  delay  placed  PI  under 
the  radiation  hurst.  T.ie  .-.econd  burst  o!  rt.  iierealler  called  R2.  could  lie  delayed  up 
to  15o  microseconds  following  PI.  The  delay  was  normally  set  for  the  maximum  of  150 
microseconds.  T'ne  two-pulse  system  was  desirable  because  il  provided  a  means  to 
obserte  tiii ■  clients  during  the  radiation  burst  as  well  as  any  lingering  ellects  following 
tile  hurst. 

Three  low  power  sources  were  employed  to  perlorm  backup  experiments  to  the 
high  power  tests  and  to  extend  the  data  taken  on  previous  trips  to  the  reactor.  Only  one 
experiment  at  high  r-l  power  was  performed  during  each  radiation  hurst.  Rota  liie  low 
and  high  power  sources  were  operated  at  a  Ircquency  ol  5.n  tie.  i’dock  diagrams  of 
tlic  high  and  low  power  sources  utilized  during  tin-  lillii  scries  ol  experiments  are  the 

t  i 

same  as  shown  in  the  prexnms  report. 

Tiic  signal  produced  l > \  the  power  source,  designated  monitor  signal,  was  ob¬ 
served  during  each  burst  lo  insure'  that  no  changes  occurred  in  the  driving  power.  This 
was  accomplished  l>\  using  a  directional  coupler  to  sample  the  power  delivered  by  the 
source  which  was  detected  and  monitored  on  a  scope.  Also,  the  power  reflected  from 
tin  component  under  lest,  designated  VSWK  signal,  was  monitored  by  using  a  circulator 
flow  power)  or  a  directional  coupler  (high  power)  between  the  source  and  the  component 

under  test . 
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On  tlio  two-port  devices  tested,  such  ;is  limiters,  waveguides,  and  isolators, 
the  return  signal  from  the  device  was  monitored.  When  three-port  devices  (circulators, 
duplexers,  etc.)  were  tested,  the  power  was  delivered  to  the  transmitter  port,  and  the 
return  signals  lrom  the  antenna  anil  receiver  were  monitored. 

The  following  parts  of  this  section  (4.  1)  present  a  deseription  of  the  procedure 
and  the  components  tested  during  the  fifth  series  of  tests.  Section  4,  2  contains  an  analy¬ 
sis  ot  the  results  obtained  during  the  experiments. 

1.  1.2  Wa\ eguidc-lo-Coaxial  Adapter  Tests 

Previous  data  have  indicated  some  discrepancies  in  the  results  when  waveguide- 
to-coaxial  adapters  were  used  at  the  test  component.  All  input  and  output  transmission 
lines  were  coaxial  cable.  When  waveguide  sections  and  waveguide  components  were 
tested,  adapters  were  required  to  test  these  components.  Nine  separate  adapters  have 
been  used  in  previous  experiments.  Some  of  these  adaptors  contained  polyethylene 
matching  beads  and  others  used  lle.xolite  beads.  Previous  data  indicated  that  the  match 
into  tiie  adapters  was  affected  by  the  nuclear  radiation.  Some  experiments  were  per- 
lormod  therefore  during  the  fifth  series  of  experiments  to  evaluate  these  adapters  using 
the  different  bead  tvpos  to  the  extent  that  any  effects  observed  could  lie  noted  and  taken 
into  account  when  evaluating  and  testing  waveguide  components.  Tests  were  performed 
at  both  high  and  low  power. 

Figure  1  shows  a  typical  return  signal  at  low  power  from  a  set  of  adapters  with 
polyethylene  beads. 

Figure  2  is  a  photograph  of  the  test  setup  al  the  SPltF. 

i.  1.  Waveguide  Tests 

Sections  ot  ('-band  aluminum  waveguide  (air  filled  and  high  density  polyfoam 
1 1 1 1 < ‘iii  were  tested  while  operating  under  low  power  conditions.  Figure  ,'i  shows  the 
waveguide  section  m  lest  positions  in  the  SPltF.  Figure  1  presents  a  typical  photo¬ 
graph  ot  tiie  reaction  which  occurred  in  a  one-loot  section  o!  air  lillid  aluminum  (.'-band 
w a\  cgiiidi  operating  under  approximately  1  >'ii  milliwatts  ew. 
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1  i  {  '  i  > ! 


Return  Signal 
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Figure  1.  Burst  No.  4,  waveform  of  the  return 
signal  from  a  set  of  waveguide-to- 
coaxial  adapters(polyethylene  beads) 
operating  under  low  r-f  power  at  5.6  Gc. 
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ALUMINUM  WAVEGUIDE  COAXIAL  DUPLEXER 

K igu re  5.  Reactor  scene  showing  a  waveguide 
dup lexer  (upper  left),  an  aluminum 
waveguide  test  section  (just  under  wave¬ 
guide  duplexer),  a  waveguide  Y-  junction 
circulator,  and  a  coaxial  duplexer  in 
test  position. 
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Figure  2.  Typical  test  configuration  seen  before 
raising  the  reactor  into  test  position. 
The  components  clockwise  around  the 
reactor  hole  were  a  waveguide  dup lexer 
and  three  separate  set-ups  of  waveguide 
to-coaxial  adapters. 


Upper  Trace:  Monitor  Signal 


Vertical  Sensitivity  0.  005  volts/cm 
Horizontal  Sweep  Speed  50  u sec /cm 
Lower  Trace:  Return  Signal 

Vertical  Sensitivity  0.  005  volts/cm 
Horizontal  Sweep  Speed  50  pscc  'em 

Figure  4.  Input  and  output  signals  on  a  section 
of  aluminum  C-band  waveguide  oper¬ 
ating  at  100  milliwatts  ew  at  5.0  Gc. 


4.1.4  Coaxial  Isolator 

AC  band,  internal  magnet.  coaxi H  irobitor  -  as  tested  in  'he  reaef.oi  operating 
under  lew  po"  ev  The  i;.ol  i*or  -.as  driven  in  the  for  -  .:.rd  diroc'ion,  )  e  'In¬ 
direction  of  low  insertion  lose.  A  topical  re'urn  signal  ir.  thorn  :n  Figure  5. 

4 .  1 , 5  Coaxial  Circulator 

A  C-band  ferrite.  Y- junction,  coaxial  circulator  was  tested  v.hlle  oper  . ting- 
under  high  power  The  antenna  port  was  monitored  for  changes  in  the  insertion  loss. 
Figure  6  presents  the  typical  test,  data  of  the  reaction  observed  on  the  antenna  port  of 
a  coaxial  circulator  operating  at  high  power. 

4.1.6  Coaxial  Limiter 

A  relatively  small  reaction  has  been  observed  on  a  gyromagnetic  coaxial 
limiter  in  past  experiments  when  operating  the  component  under  low  power.  However, 
in  these  tests  the  limiter  was  operating  at  power  levels  below  the  limiting  threshold. 
During  the  fourth  and  fifth  series  of  tests,  the  coaxial  limiter  was  driven  with  the  high 
power  source.  During  the  fourth  series  of  experiments  it  was  observed  that  signal 
through  the  limiter  increased  by  approximately  10  db.  This  was  interpreted  as  a  10 
db  transient  increase  in  the  limiting  threshold  of  the  limiter. 

During  the  fifth  set  of  experiments  the  limiter  was  again  evaluated  at  low  and 
high  r-f  power,  Figure  7  depicts  the  typical  test  data  of  the  limiter  at  low  power  (100 
milliwatts)  during  Burst  12.  Similar  data  were  obtained  during  Burst  13.  High  power 
tests  were  performed  on  the  same  limiter  chiring  Burst  14.  With  an  oscilloscope  verti¬ 
cal  sensitivity  of  0,02  volts, 'em,  the  reaction  went,  off  scale.  The  data  shown  in  Figure 
8  were  obtained  during  Burst  15  with  a  vertical  sensitivity  of  2  volts,  cm.  For  data 
comparison  the  calibration  data  are  shown  in  Figure  9  The  same  limiter  was  indcr 
test  during  Burst  16,  but  no  acceptable  data  were  obtained.  No  signal  was  observed 
from  the  limiter  in  Burst  16.  Calibration  photographs  l-efore  l.ursl  time  were  ,tc  • 
ceptuble.  For  Burst  17  a  new  limitei  "as  tested  Time  did  not.  permit  calibration 
before  the  radiation  burst.  The  data  obtained  indicated  an  increase  of  the  signal 
through  the  limiter  during  the  1-uist  Xo  signals  could  be  ob>  .ioed  from  'he  limiter  for 
calibration  after  die  burst. 

During  It  is*  t.s  the  -rigi";,'  Hirst,  lnvuU-i  ■  *s  tested  is-  pew  or  I  he  d  it  ■ 

oh'  lined  lie  depleted  in  Figure  !0 

I  be  'e‘ t  ei-ntige  r  "ion  at  Mu-  hunt,  r  is  sho'.n  in  Fii-mc- 
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■  >;**  »■  Trace:  Monitor  Signal 

Vertical  Sensitivity  0.005  volts/ cm 
Horizontal  Sweep  Speed  50  /isec/cm 
■-«'  r  I  race:  Return  Signal 

Vertical  Sensitivity  0.005  volts/cm 
Horizontal  Sweep  Speed  50  /isee/cm 

!•  igure  Hurst  No.  0,  monitor  and  return 

signal  (insertion  loss!  front  a  coaxial 
isolate"  operating  at  low  power,  ew, 
at  5.  ti  Gc. 
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■■  * ■  t M a  1  iiroi'.v:  operating  under  dign  power 
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Upper  Trace:  Monitor  Signal 

Vertical  Sensitivity  o.  l  . 
Horizontal  Sweep  5o//-i  , 
Lower  Trace;  Antenna  Return 

Vertical  Sensitivity  «',n  •, 
Horizontal  Sweep  50  gsee 
Figure  0.  Burst  18,  test  data  obtained 
the  monitor  and  antenna  reti 
U-band  coaxial  Y-junetior  e 
operating  at  high  power  at  5 

NOTE:  The  tirst  and  third  pulse  groups  (ton. 
and  P2,  respectively,  before  burst, 
fourth  pulse  groups  are  PI  and  1’2  dut 


t.  HR  IM'RKASE  IN  SltiNAi.  / 
lu  HI  INCREASE  IN  SHIN  \l 
■  •"Wcr  I'r.n  •  :  Return  Signal  ( 'abb:  a. 

Vertical  Sens  it  i\  it;, 
Horizontal  Sweep  ..o  « 
i-  igu  i  c  Hut  St  15,  calibt  allot!  tlat.t  t  a 
* 1  •  t  tile  return  Mgna  i  I  run.  : 1 
n.agm  tie  eoujiltitg  itntip  r  - 


■  >.  n  t 


Upper  Traci 


l.nui'i'  Prae 


mure  u. 


V  >  I  K:  Tne  tirst 
and  1*2. 
iourth  pu 


Monitor  Signal 

.  ert'cal  Sensitivity  ».  1  volts,  cm 
horizontal  Sweep  3(></see/em 
\ntenna  Return 

.  i  '  lieal  Sensitivity  0.005  volts,  cm 
nzontal  Sweep  50/isec/em 
■  I  i  i ,  test  data  obtained  from 
monitor  and  antenna  return  ol  a 
uni  coaxial  Y-junction  circulator 
•  i  Ring  at  high  power  at  5.6  Go. 

i oird  pulse  groups  from  the  loti  are  1’1 
i  I'Uvely.  lie  fore  burst.  The  second  and 
groups  are  PI  and  P2  during  burst  time. 


Upper  Trace:  Monitor  Signal 

Vortical  Sensitivity  0.005  volts/cm 

I. over  Trace:  Return  Signal 

Vertical  Sensitivity  0.005  volts  ’em 
Horizontal  Sweep  50  gsec/om 

Figure  7.  Burst  12,  monitor  and  return  signals  from 
the  gyromagnetie  coupling  coaxial  limiter 
operating  at  low  power  at  5.6  tic. 


■  m;  i  ■  v-  r  in  sh  in  a  i .  / 
!•  I'l  1 1  \s|;  i\  S1C.NAI. 


:  n  ’ i  Signal  ( 'ai iliral ion 
iluai  Smsilit 1 1 \  -  volts  cm 
i.oiiiai  Sweep  50  usi'c  nil 
c.iliiu  ation  data  (lugh  power i 
iui  n  signal  Irmn  the  gyro- 
•  'iipling  limiter  operating  al 


■‘.i'l  I'rive-  Return  Signal 

Vertical  Sensitivity  o.oo.i  volts  em 
iiori/.i'iital  Sweep  5o  gscc  cm 


Figure  In.  Burnt  Is,  monitor  and  return  signals 
Irom  gyromagnetie  coupling  coaxial 
limiiei  operating  at  low  power  at 


■  i. Ci 


'  tp-f ' 


*  '.  I  \  I .  ■  I  I  III  1 1 1 « ■ ' . •  t  1 


i  i  :  •  ■ !  ■  "  i  .  i  I.  r  ■  ■  !  i'..  •  ,  ,  I  ■  ■ ! 

! i  I : I  ■  ■ ' ■  ; ■  i  I  in  I !'  I  >  •  i  I  . : 1  ■ .  1  i '  t  >  t  •  Hi- 


1-t 

,i.  i 

t ' 

t  >i  1 

•  ‘  ■"! M ' 

Ml  t  t  ■. 

i  i.; 

l1  s  .  : 

'  1 

.  i  . 

"  i  ■ '  1 ' 

t  *  - 

1  . . 

*!  ,  -  I  J  ’  ♦ 

,  1  i.1-  mP 

. .  it 

1  : 

<  •  <  1  ■.  *  i 

i  ,  i  t  , 

,  n  . :  r  ' 

• !  5 .  ! 

1  .  i  i  *  I  ■ 

! 

1  •  ■  1 

:  P.  il'p 

M  \  t 

M  t'|.ri 

.  p<  ...  .•! 

••  '  ■ 

I  , 

1  I<  !  ! 

rJl«HV  1 

'lit 

Ittp-.S' 

'U  i 

■  - 

•  n; ' : 

!  ->  .ill! 

Ml  Mi  1*|, 

•  i  ’  <  i '  (  •' 

■.  i  .i 

i  i! 

i : j ■ ! <  \.r 

Mull  1 

h.uh  |im  i 

i  '  !  » 

.pi  r  .! 

1  •  1] 

!. 

i  U'l  ;  • 

'  1  ■ 

-ii.. 

i  •! 

IpIrMT  * 

H 

1  i  1 

,*(••!!  ;  1.  ! 

i  H  S  1  ' 

\\  f 

1  ; 

**  \\ 

:i\ 

=! 

ii'li-  -hilu 

■in ui  t 

1 1  *  ul. in  ■  i 

i  *  i , . 

(  l..i 

i.tl 

Y 

Rl'K-tl"! 

|  M  .  f  1  1  * 

UUuli  '  S' 

M  .ill 

1 1*  M*  ■>. 

1  * 

'  r  ♦ »  ; 

.  i . ; 1 1  'ii  1 

r  t ii  .i  li 

uii  uni!  i 

1 

1  In  .11! 

iflilM 

uni  ivc«* 

\\i\ 

'  (  »i  >  !’i  s 

■ 

l  ‘  ! 

m  mi. pi* 

M'  n  t  Ii,1 

mssM-  m 

1«*<S  , 

m*  1 

1  l>"i.il  M  il! 

t '•  ’S|  M 

•Ml  1\  Ml\  . 

<  lu  I 

mi;  t  In 

■  I 

';i  ( 

li.il  uni  l" 

1 1 1 .- 1 

1  lU'M  1 

M  1  i  pi 

•ilth  Him 

input 

:ini|  i 

•  !'irM  -i 

L,n;il> 

1 !'.  mi  t  hi 

.ml 

li 

tin  \YW 

i;  - 

IL  Ml  1  . 

Hi. -s. 

til  Mi  H  l  1! 

,u;iK 

in.i 

inn 

:»» »  mi  nu  n  mm 

i-  m  nnn 

« nn 

i  i<i>.- 

1)1 

1  'V 

.Mil  1  ill 

i  ni 

i-IImIP  I’ 

•mil  mi 

»  UlU  j  *•  1|  ! 

..  Ml  t 

■i. 

!  i  Hi  i 

•  i  mix •  in 

'Ml 

1 '»!  !  "Il 

il, 

l.’. 

!  »  Ml  t  (it  • 

11  ‘ !  1 

iMhir* 

•111,1  PM 

1  v  »  !  {  m  ►  | 

1 l.- 

1  IS. 

;U  ! 

i  ■  I"- 

■M  lllh 

ill',  ivtlil 

!‘i  .s 

lull  il  1 

!’• 

'Ill 

1  !"•  imp 

i’iU 

|nM"  ni 

till  Mil 

1  i  »J  t  .,  u  f 

•il  mj. 

M 

.  i  i  c  ■  ;  1 1 1  * 

1  hiu.li 

|  Hi  1  -Ml  *  ! 

-!  1' 

‘  V.  '  f 

i 

1J 

:ii  r  ■  •  1 

.in...,. 

S  ,  1  '  ,  '. 

,  •.Mil'll 

1  I"'  I. It'  '' 

in  h 

.,1 

i"  • 

hitinii  ui 

tin  S 

I’til 

:  t 

:■  iY 

:i\  ( 

ii<k  1  lilii 

•l-i'nti: 

;iM  ’h.i 

■Sin 

1 1  1  >.  1  p 

i. 

\ « 

* 

\ 

.i  . « ':;(i 

ml, 

I'it.'l.-i  ! 

nil.  h 

■i-i  ii.  *  1  ■  i } 

.1... 

«  I  \\  1 

'■’•I 

,  ,1  1., 

...... 

V  idi  ;i  ! •  • 

!  i  -1 

’■  :1  l  *  *  _: 

r  !-<>t  i: 

i"! 

. . 

»  l‘  .  1 

■'! 

■ 

•  w 

1  » t  •  '  <  , 

\ 

•  nil 

<  nr!' 

i  i  - 

» ,  1 1 

Mi 

,i  in,!  t . 

»♦!’■.»! 

*  1  *  1 

in  ►ml' 

n 

.  -1 

In  i'I'ii; 

I',.-  1 

i  i  m ,  i  * 

.  it’  ,  i 

" 

..i  ■ 

•  mu.'  i  -  ! 

’  ’<  '  *  !  1  ! 

1 ,  ■  .nn.  in 

."I  I'M 

■  -i 

i  •  i- >  r’ i 

.. 

•  .  .  Uii : 

■  .in!.! 

i  n  ■  hl 

'  •' 

r  . ■!  • 

1-  in  •  . 

;  >  i 

.fM-  ;  •  , 

'  t  •* 

'i'll- 

'll  '!*'!! 

.1'  III  !  ,*■ 

, ,  i  ,  t 

, 

.  ■  1  . .  1 " 

■  !l  il • !  •  ■ 

,  .  i  ;•  ,,  •  ,  - 

!  n  j, 

!  ,  *  1 

! 

i  ,  ),  , 

.!  ., 

i  t 

•  t '  I :  I 


COAXIAL  LIMITER  WAVEGUIDE  CIRCULATOR 

Figure  1 1 .  Test  configuration  at  the  SPRF.  The  compo- 
nents  are  as  follows  (clockwise,  starting  with 
component  in  upper  right  hand  corner!:  wave¬ 
guide  duplexer,  waveguide  circulator,  coaxial 
limiter,  and  coaxial  duplexer. 


Trace  1:  Monitor  Signal 

Vertical  Sensitivity  0. 005  volts 'em 
1  tam  Return  Signal  (Antenna  Port) 

Vertical  Sensitivity  0.005  volts,  cm 
!  i  in  -  r :  VSWR  Signal 

\  ertieal  Sensitivity  o.ol  volts  cm 
i'i  i  Return  signal  (Receiver  Purti 

Yrrtiral  Sensitivity  0.005  volts.  cm 
i  i.’n  1 1  i>-  Rursl  No.  ‘a,  wav  elnrm  o|  tin-  input 
VSWR,  and  the  output  signal  lYntn 
the  antenna  and  reeeiver  ports  <0  a 
c-liaud,  V-junction,  wavegunli  cir- 
i'ul.iloi  operating  under  ev\  low  power 


Horizontal  Sweep  Sp 
Figure  1  _  mrst  No.  (>,  waveform 
ignttl  from  the  antenna 
' nus  ol  a  C-band  c< m.xi; 
iplexer  operating  unde 
'A  ( ■  r  at  5 .  <>  tie  . 
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figure  15.  R.r.-t  No.  ig,  wa\i  hoi” 
*'d  retui  n  signal  li’niit  t 
o'  rt  id  .1  ( '  -1  i.md  Y  - iuiu  1 
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Figure  1L’. 


Monitor  Signal 

riical  Sensitivity  0.005  volts,  cm 
'.mi  Signal  (Antenna  Port) 
itieal  Sensitivity  0.005  volts/ cm 
.  ■-  civ  or  Return  Signal 
ftic-al  Sensitivity  0.005  volts/cm 
•  ri/ontal  Sweep  Speed  50«see/cm 
0,  waveform  of  the  output 
:.‘nn  the  antenna  and  receiver 
1  i  i  -band  coaxial  ferrite 
perating  under  ew  low 


1  1  per  Trace:  Monitor  Signal 

Vertical  Sensitivity  o.  1  volts,  cm 
Lower  Trace:  Return  Signal 


Vertical  Sensitivity  0. 1  volts/cm 
Horizontal  Sweep  SOgsecv  cm 
Figure  13.  Burst  No.  9,  waveforms  of  the  input 
and  the  output  signal  from  the  antenna 
port  of  a  C-band  coaxial  ferrite  dup lexer 
operating  under  high  pulsed  power  at 
5. 6  Gc. 
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a  i  Return  Signal 

•a!  Sensitivity  u.(i5  volts  cm 

■  Mini  Sweep  Speed  5<>  usee  cm 
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Vertical  Sensitivity  u.oo5  volts,  cm 

i  :  ucc  1:  Return  Signal  (  Receiver  Port) 

V  ertical  Sensitivity  0.0  1  volts,  cm 
Horizontal  Sweep  5o  usee,  cm 
1  ore  it;.  Burst  No.  .'i.  vvavclorm  trom  monitor 
VSWR,  and  output  signals  of  the  an- 
;  tenna  and  receiver  ports  of  a  wave- 
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1  i  .  i  *  i  AiUlii  innal  Components 

l'!i*  MA-  magnetron  pube  .done  "ith  iv  a  — >ot*i  _i»  •  ■>  1  eiicuitryi  "as  j  >1 .  i  i-i  ■<  i 
abaci  at  in  the  m.ictm  ilu  ring  t!u-  las'  '  •>  u  !im  >ts  Trc  m  ‘."a  '  run  was  single  j  >n  had 
such  ili  .»  ■  !k  pulse  "as  coincident  a  ith  '  he  r  idid  inn  1  u  i  - 1  hr  power  - »u 1 1 >n '  •  as 
mom'nriil  prebu gst  anil  during  'hr  burs'  No  chungo.'  m  ;i.c  output  lend  wic  .,1 

r  \  rd  .  In  !  lie  ! ■  >i;  t‘5  ll  1.  rir-  •>!  'esls  .  a  hi  l‘Ji« •  <1*  C!a-  hr  in  Dll)  |>l!t  |V. v.C'l  .  s  ( ibsc  ed 
wlirii  this  same  magnetron  a  as  ! t ■  r ■  >f  1  along  a  i i ! i  ihr  jiiilsi  Can.. Imam  i  and  it- 
associated  eileuHrv  'I  III  S  dect'eat-e  ill  output  power  is  due  U>  ‘In-  '.rails  i(  111  rill  rt..  1 1 : 
i  hr  '  r aiistoi  mm-  md  assoc  tated  ci  mi  i  <  t  \  rat  ini  '  ,i  "i  »|u  ■  magnet  run  it  sol  I .  as  \  ..-ril  ied 
hy  tin-  da'a  olit lined  on  the  above  tests  (tilth  senes  o!  ti-shsi.  rim  magnet ror  is  shown 
in  test  position  at  tin  SIMiL  in  Figure  Is 

A  C-b.md  coaxial  ’frequency  meter  (transmis.-  ion  cavity  type)  was  testa!  during 
the  tilth  series  ot  experiments  No  e  alibratinn  data  'ere  obtainable  I  nit  a  large 
exeursion  ts  noted  i n  the  output  signal  This  indic  ates  that  tile  n  sonanee  elr.tr.ieleristie 

oj’  ttie  ea'itV  "'i'tv  altered  during  the  radial  i- >n  burst  The  lohi/ed  air  possibly . 

pt  odiieeii  a  phasi  rhmgi  m  t he  r-t  signal  as  it  traversed  the  sharplv  tuned  eav  lly . 

I  ANALYSIS  <)!■  DATA  \ ND  KKSL  I  IS 

I  :i .  1  Calibratmn  ProcoiKi ros 

'Ha  millivolt  del  Sect  unis  observed  on  tin  oseillosc.  »|  a  s  were  converted  to  .  il  ■ 
i  hsiigcs  ai  tiir  operating  eha  tact  ei'ist  ies  ol  the  eomponents  b\  me  o|  ealibrated  van 
aide  attenuators  placed  het"  eon  r-  1  sot,  roes  and  till  eomponetll  miller  test  Lieloi  e 
I'tirsi  tun  .  at’enua1  ions  ol  0  n  >  i  n,  n.  .md  a  o  i|l.«  «\oro  introduced  inm  Hie 

I I  a  ns  m  issii  ai  I  lias  .  and  photographs  "ere  taken  ol  the  out  pu1  lex  el  ot  each  cr\  -la  1 

deteet'O  From  those  |  iliotog  r.lpils  'In  ehailge  in  alteliuat  uni  ill  dll  was  plot'eci  as  I 
lira  1 1  ill  i>:  tin  chtrgi  •  in  I  lie  .ullage  outpu'  lex  d  in  m  j !!  i  v<  Its  d  earl  i  erv  si  a!  IT  ■ran  ■  r 
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- 

nnopr  No ! 

i  i 

i 

\. 

'  '  -  !  I 

'  '■  ll  1 . 

\ 

1  : 

:  J 

: 

1 

4 

4 

erm 

I  pper  Traci*:  Muni  tor  Signal 

Vertical  Sensitivity  o.  i  \o!ts  on 

•■"v.  ci-  Trace:  Iteturn  Signal  (Antennal 

Tcriu-al  Sensith  ity  o.  1  volts,  cm 
Horizontal  Nw  cop  ■> 1 1  /isee.  eni 


'‘iure  I".  T>ui'st  No.  :>.  n a\ el'urm  ol'  the  monitor  and  oul|iut  signal 
irom  the  antenna  port  o!  a  waveguide,  phase  shilt,  lerrite 
dup lexer  operating  under  high  pulsed  power  at  d.  H  Ce. 


1  'he  M  \--^u  magnet  run  in  lest  position  at  the  sl’ljp. 


4.2.2  Transient  Radiation  Effects  In  the  Components  Tested 


Waveguide  to  Coaxial  Adapters.  The  effects  observed  during  the  waveguide - 
to-coaxial  adapter  tests  are  presented  In  Table  I.  For  the  high  power  tests,  the 
effects  observed  for  the  first  pulse,  PI,  are  tabulated  separately  from  those  of  the 
second  pulse,  P2.  Polarities  Indicate  whether  the  changes  were  increases  or  de¬ 
creases  in  isolation  or  insertion  loss.  A  positive  sign  indicates  the  signal  being 
monitored  increased,  and  a  negative  sign  indicates  the  signal  decreased.  Any  changes 
in  the  high  power  signals  levels  less  than  0. 1  db  are  considered  insignificant  due  to 
the  error  associated  with  calibration. 

_  The  following  explanations  are  for  Tables  I  through  V:  _ 

•  Column  1  of  Table  I  assigns  an  identification  number  to  each 
reaction  for  reference  purposes. 

•  Column  2  is  the  burst  number  assigned  by  Sperry,  i.e. ,  the 

•  Column  3  gives  the  change  in  temperature  of  the  reactor  for 
each  burst  as  supplied  by  the  SPRF  personnel. 

•  Column  4  is  the  oscilloscope  channel  number  which  re¬ 
corded  the  reaction. 

•  Column  5  gives  the  name  of  the  component  being  tested. 

•  Column  6  lists  the  power  source  driving  the  component. 

•  Column  7  gives  the  crystal  detector  number  used  to  monitor 
the  signal  concerned. 

•  Column  8  presents  the  crystal  sensitivity  as  calculated  from 
the  calibration  curves. 

•  Column  9  gives  the  sensitivity  of  the  oscilloscope  channel 
monitoring  the  signal. 

•  Column  10  presents  the  magnitude  of  the  deflection  observed 
on  the  oscilloscope. 

•  Column  11  lists  the  effect  in  db  as  calculated  from  columns 
8  and  10. 

•  Column  12  lists  the  signal  monitored. 

Four  sets  of  adapters  (labeled  #1,  #2,  #3,  #4)  were  tested  at  low  and  high 
power.  Rexolite  and  polyethylene  matching  beads  were  evaluated  in  each  adapter. 

The  following  conclusions  are  offered  regarding  the  waveguide-to-coaxial 
adapters  from  the  data  in  Table  1: 

•  The  average  transient  decrease  in  signal  level  passing  through 

~ . the  adapters  using  Rexolite  beads  was  approximately  0. 1  db 

while  operating  in  the  100  milliwatt  level  at  5.6  Gc. 
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TABU  I.  RBSULTB  Or  RADIATION  I 
TO  COAXIAL  ADAS 
HIOH  AND  LOW 


1 

2 

3 

4 

5 

IDENTIFICATION 

BURST 

BURST 

INPUT 

COMPONENT  UNDER  TEST 

NO. 

NO. 

NO. 

NO. 

1 

i 

96.  5 

1 

WAVEGUIDE  TO  COAXIAL  ADAPTER  #1  (REXOUT 

E  BEAD) 

2 

1 

96.5 

2 

, 

#1 

3 

1 

96.5 

4 

#3 

4 

1 

96.  5 

8 

44 

5 

1 

96.  5 

11 

43 

- 6 

.  2 . 

96.  0 

» 

41 

7 

2 

96.0 

2 

41 

6 

2 

96.0 

4 

43 

9 

2 

96.0 

8 

44 

10 

3 

105.  5 

2 

WAVEGUIDE  TO  C< 

)  AXIAL  ADAPTER  41  (POLYETI 

IYLENE 

11 

3 

105.  5 

4 

#3 

12 

3 

105.  5 

8 

44 

13 

3 

105.  5 

11 

43 

14 

4 

106.2 

2 

41 

15 

4 

106.  2 

4 

43 

16 

4 

106.  2 

8 

44 

17 

4 

106.  2 

11 

43 

NOTES:  1.  WHERE  THERE  ARE  TWO  VALUES  GIVEN,  THE  FIRST  CORRESPONDS  TO  THE  HIGH  POWER  PULSE  (PD 

-  -BELAYED-  -200^ SECONDS  AFTER  THE  SPR  TRIGGER;  AND  THE  SECOND  VALUE  CORRESPONDS  TO 

THE  PULSE  (P2)  -  350  M SECONDS  AFTER  THE  SPR  TRIGGER. 

2.  POSITIVE  SIGNS  INDICATE  AN  INCREASE  IN  POWER  AT  THE  POINT  OF  MEASUREMENT. 

3.  MONITOR:  DETECTOR  MONITORING  THE  INPUT  SIGNAL  LEVEL. 

VSWR:  DETECTOR  MONITORING  THE  VSWR  OF  THE  DEVICE. 

RETURN:  DETECTOR  MONITORING  THE  RETURN  SIGNAL  FROM  THE  DEVICE. 


4.  LOW  CW  -  APPROXIMATELY  100  MILLIWATTS  CW  AT  THE  COMPONENT  UNDER  TEST. 
HIGH  PU USED  -  APPROXIMATELY  5KW  PEAK  AT  THE  COMPONENT  UNDER  TEST. 


'ABU  I.  RIBUITS  OB  RADIATION  (fNVIROMMINT  TISTINO  OR  WAVIOUIDI 
TO  COAXIAL  ADARTIRS  AT  S.A  OC  ROD  «-R 
HIOM  AND  IOW  ?OWIR  CONDITIONS 


5 

6 

7 

8 

9 

10 

11 

12 

ONENT  UNDER  TEST 

DRIVING 

SIGNAL4 

CRYSTAL 

DETECTOR 

NO. 

CRYSTAL 

SENSITIVITY 

(MVDB)1 

VERTICAL  GAIN 
(MV  CM) 

MAGNITUDE 

OF 

EFFECT 
(MV):,  2 

MAGNITUDE 

OF 

EFFECT 

(DB)1,2 

SIGNAL3 

L  ADAPTER  #1  (REXOUTE  BEAD)  HIGH 

PULSED 

1 

224 

100 

-8,  -6 

-.04,  -.03 

MONITOR 

#1 

'  HIGH 

PULSED 

1 

148, 144 

100 

+6, +6 

+.  04,  +.  04 

RETURN 

#3 

LOW 

CW 

13 

90 

5 

-8 

-.09 

RETURN 

#4 

LOW 

CW 

3 

22 

5 

-5 

-.23 

RETURN 

#3 

LOW 

CW 

6 

156 

5 

-5 

-  03 

VSWR 

#1 

HIGH 

PULSED 

1 

158 

100 

+6, +8 

+.  04,  +.  05 

MONITOR 

#1 

HIGH 

PULSED 

1 

132, 122 

100 

CO 

1 

to 

CM 

1 

-.20,  -.  15 

RETURN 

#3 

LOW 

CW 

13 

98 

5 

-7.0 

-.07 

RETURN 

#4 

LOW 

CW 

3 

40 

5 

-4.  5 

-.  11 

RETURN 

L  ADAPTER  #1  (POL YETI 

IYLENE  BE  A:  HIGH 

PULSED 

1 

100,95 

100 

+5,  +5 

+.  05,  +.  05 

RETURN 

#3 

LOW 

CW 

13 

142 

5 

-10.  5 

-.07 

RETURN 

#4 

LOW 

CW 

3 

19 

5 

-5 

-.26 

RETURN 

#3 

LOW 

CW 

6 

198 

5 

-4.5 

-.02 

VSWR 

|  #1 

HIGH 

PULSED 

1 

114,80 

100 

-- 

— 

RETURN 

#3 

LOW 

CW 

13 

96 

5 

-10 

-.  10 

RETURN 

#4 

LOW 

CW 

3 

20 

5 

-5.  5 

-.28 

RETURN 

#3 

i 

LOW 

CW 

6 

162 

5 

-4.  5 

-.03 

VSWR 

1 _ 

u.'iiii  /  imi* 


•ONDS  TO  THE  HIGH  POWER  PULSE  (PI 
E  SECOND  VALUE  CORRESPONDS  TO 


I1NT  OF  MEASUREMENT. 

EL. 

Ce. 

DM  THE  DEVICE 

I  PONE  NT  UNDER  TEST. 
ENT  UNDER  TEST. 
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TABU  II.  RISULTB  OP  RADIATION  INVIRONMINT  1 
WAVIGUIDI/  COAXIAL  ISOLATOR,  COAXIAL  CIRCULATi 
UNDIR  S.6  Cc  R.p  HIGH  AND  LOW  ROW 


i 

2 

3 

4 

5 

6 

r" 

IDENTIFICATION 

BURST 

BURST 

INPUT 

COMPONENT  UNDER  TEST 

DRIVING  SIGNAL4 

Cl 

; 

NO. 

NO. 

SIZE 

NO. 

DE' 

l 

rc) 

1 

9 

93.  5 

8 

ALUM.  W/G  (AIR  FILLED) 

LOW 

CW 

2 

10 

111.  5 

8 

ALUM.  W/G  (AIR  FILLED) 

LOW 

CW 

i 

i 

3 

17 

104.  0 

8 

ALUM.  W/G  (HI  DENSITY  POLY) 

LOW 

CW 

i 

i 

4 

18 

94.5 

8 

ALUM.  W/G  (HI  DENSITY  POLY) 

LOW 

CW 

i 

5 

14 

84.0 

2 

ALUM.  W/G  (SOLID  POLYETHYLENE) 

LOW 

CW 

i 

6 

15 

90.  5 

2 

ALUM.  W/G  (SOLID  POLYETHYLENE) 

LOW 

CW 

i 

7 

16 

94.0 

2 

ALUM.  W/G  (SOLID  POLYETHYLENE) 

. .  . 

LOW 

CW 

i 

i 

8 

5 

109.0 

8 

COAXIAL  ISOLATOR 

LOW 

CW 

9 

6 

102.  8 

8 

COAXIAL  ISOLATOR 

LOW 

CW 

10 

15 

90.  5 

6 

COAXIAL  CIRCULATOR 

LOW 

CW 

i 

1 

a 

18 

94.  5 

I 

COAXIAL  CIRCULATOR 

HIGH 

PULSE 

1 

fcr* 

12 

18 

94.  5 

2 

COAXIAL  CIRCULATOR 

HIGH 

PULSE 

r~ 

13 

12 

98.0 

11 

COAXIAL  LIMITER 

LOW 

CW 

14 

18 

94.  5 

4 

COAXIAL  LIMITER 

LOW 

CW 

i  .. 

15 

15 

90.5 

1 

COAXIAL  LIMITER 

HIGH 

PULSED 

NOTES:  1.  WHERE  THERE  ARE  TWO  VALUES  GIVEN,  THE  FIRST  CORRESPONDS  TO  THE 

HIGH  POWER  PULSE  (PI)  DELAYED  -  200  m  SECONDS  AFTER  THE  SPR  TRIGGER. 
AND  THE  SECOND  VALUE  CORRESPONDS  TO  THE  PULSE  (P2)  -  350  SECONDS 
AFTER  THE  SPR  TRIGGER. 


2.  POSITIVE  SIGNS  INDICATED  AN  INCREASE  IN  POWER  AT  THE  POINT  OF 
MEASUREMENT. 


3.  MONITOR:  DETECTOR  MONITORING  THE  INPUT  SIGNAL  LEVEL. 

VSWR :  DETECTOR  MONITORING  THE  VSWR  OF  THE  DEVICE. 

RETURN:  DETECTOR  MONITORING  THE  RETURN  SIGNAL  FROM  THE  Lb  VICE. 


4 


LOW  CW,  APPROXIMATELY  100  MILLIWATTS  CW  AT  THE  COMPONENT  l  NDF.R 
TEST.  HIGH  PULSED.  APPROXIMATELY  5  KW  AT  THE  COMPONEN  T  UNDER 
TEST. 

SAME  MAGNITUDE  OBSERVED  DURING  BURST  13. 


I 


TABLE  II.  RISULTS  OE  RADIATIC  >  iWVIRONMINT  TESTING  OE  ALUMINUM 
IVIGUIDI,  COAXIAL  ISOLATOR,  COAXIAL  CIRCULATOR,  AND  COAXIAL  LIMITER 
UNDER  5.4  Cc  R-E  HIGM  AMD  LOW  ROWER  CONDITIONS 


5 

f. 

7 

8 

9 

10 

11 

12 

COMPONENT  UNDER  TEST 

’NV,  SIGNAL4 

CRYSTAL 

DETECTOR 

NO. 

CRYSTAL 

SENSITIVITY 

(MV/DB) 

VERTICAL 

GAIN 

(MV/CM) 

MAGNITUDE 

OF 

EFFECT 

(MV)1,  2 

MAGNITUDE 

OF 

EFFECT 

(DB)!,2 

SIGNAL  3 

ALUM.  W/G  (AIR  FILLED) 

CW 

3 

28 

5 

-10.  2 

-.  36 

RETURN 

ALUM.  W  G  (AIR  FILLED) 

CW 

3 

160 

5 

-20.  3 

13 

RETURN 

ALUM.  W  G  (HI  DENSITY  POLY) 

CW 

3 

66 

5 

-13.  5 

-.  21 

RETURN 

ALUM.  W.  G  (HI  DENSITY  POLY) 

<  W 

3 

60 

5 

-12.  2 

-.  20 

RETURN 

ALUM.  W  G  (SOLID  POLYETHYLENE) 

CW 

3 

75 

5 

-3 

-.04 

RETURN 

ALUM.  W  G  (SOLID  POLYETHYLENE) 

CW 

3 

80 

5 

-3 

-.04 

RETURN 

ALUM.  W  G  (SOLID  POLYETHYLENE) 

CW 

3 

100 

5 

-4 

-.  04 

RETURN 

COAXIAL  ISOLATOR 

CW 

3 

42 

5 

-4.  5 

-.  11 

RETURN 

COAXIAL  ISOLATOR 

CW 

3 

86 

5 

-7.2 

-.08 

RETURN 

C’OAXIA!  CIRCULATOR 

CW 

12 

100 

5 

2 

0.  02 

ANTENNA 

RETURN 

COAXIAi  l  1RCU1.ATOR 

PULSE 

14 

144, 101 

100 

+20, *20 

+  .14,+  .20 

MONITOR 

COAXIAi  CIRCUI.ATOH 

PULSE 

I 

8,6 

5 

0.  5,0.  5 

+0.06, +0.1 

ANTENNA 

RETURN 

COAXIAL  LIMITER 

•  w 

6 

364 

20 

-6.0 

-.02* 

RETURN 

COAXIAI  LIMITER 

CW 

13 

62 

5 

-5.  5 

-.  09 

RETURN 

COAXIAI  LIMIT  HR 

_  ....  .  .  _  _  .  _ 

PULSED 

..  c . 

240 

2000 

+  2600 

+  10 

RETURN 

5  GIVEN,  T1IK  FIRST  CORRESPONDS  TO  1 
ID  2U0  SECONDS  AFTER  THF  SPR  TP 
S PONDS  TO  THE  PULSE  (P2)  -  350  u  SEC 


iICRFA.SF  IN  POWER  AI  THE  POINT  Ol 


UNI.  n.i  IN  PI  I  SIGNAL  LEVEL. 

UNO  THE  V SWT!  OF  THE  DEVICE. 

UNO  THE  RE'ILRN  SIGNAL  FROM  I'HF  Dl 

HILLIW  AT  IS  CW  A  I  EMI  COMPONENT  E 
IATE1  Y  5  KW  A  I  III!  COMPONFM’  t’NIV. 


;him  ■  HPRS  I 
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TABLE  III.  RESULTS  OF  RADIATION  ENVIRONMENT  TESTING  OF 
OPERATING  AT  S.6  OC  AT  HIGH  AND  LOW  R-F  POWER 


1 

2 

3 

4 

7 

IDENTIFICATION 

HURST 

■  HURST 

INPUT  ! 

COM  PON  1  VI 

NDER  TEST  DRIVING  SIGNAL.* 

|  CHYSTAl 

NO. 

NO. 

!  SIZE 

NO. 

| 

DETECT d| 

(  C) 

L  .  [ 

I 

NO 

1 

7> 

109.  0 

\  6  f 

!  i 

COAXIAL 

I'P  LEXER  !  LOW 

i  I 

cw 

12 

2 

6 

]  102.  8 

i 

i 

6 

i  [ 

I 

|  LOW 

cw 

12 

3 

6 

i 

102.  8 

! 

I 

10  j 

: 

!  LOW 

C'W 

11 

4 

7 

1 

!  97.  5 

j 

! 

6  | 

LOW 

i 

cw 

12 

5 

8 

i 

1  100.  5 

| 

6  : 

I 

j  LOW 

cw 

12 

r. 

8 

i  100. 5 

! 

10  i 

i 

i 

!  LOW 

cw 

11 

7 

0 

93.  5 

1 

1  ! 

I  HIGH 

PULSE 

H 

5 

a 

93.5 

i 

i 

2 

i 

;  HIGH 

PULSE 

1 

9 

10 

1 

1  111.5 

j 

| 

1 

1 

i  HIGH 

,  j 

PULSE 

14 

10 

10 

j  111.5 

1 

i 

2 

i 

J 

COAXIAL 

OIPLEXER  HIGH 

1 

.  .1 

PULSE 

1 

NOTES:  1.  WHERE  THERE  ARE  TWO  VALUES  GIVEN,  THE  FiRST  CORRESPONDS  TO 

THE  HIGH  POWER  PULSE  (PI)  DELAYED  -  200  .  ECONDS  AFTER  THE 
SPR  TRIGGER;  AND  THE  SECOND  VAUUE  CORRESPONDS  TO  THE  PULSE 
(P2)  -  350  i  SECONDS  AFTER  THE  SPR  TRIGGER. 


2.  POSITIVE  SIGNS  INDICATE  AN  INCREASE  IN  POWi  R  AT  THE  POINT  OE 
MEASUREMENT. 


MONITOR;  DETECTOR  MONITORING  THE  INPUT  TONAL  LEVEL. 
VSWR:  DETECTOR  MONITORING  VSWR  01  THE  DEVICE. 

RETURN:  DETECTOR  MONITORING  THE  RETURN  SIGNAL  FROM  THE 
DEVICE. 


•!.  LOW  CH  ,  APPROXIMATELY  100  MILLIWATTS  CW 
HIGH  PULSED,  APPROXIMATELY  5  KW  PEAK. 


TABLE  ill.  RESULTS 
OPERATING 


LDIATION  ENVIRONMENT  TESTING  OF  THE  COAXIAL  DUPLEXED 
IS. 6  GC  AT  HIGH  AND  LOW  D- F  POWER  CONDITIONS 


J 

■] 

6 

7 

8 

y 

10 

11 

12 

-1  '(■ 

'  (IMI'OM  N  ! 

;  T 

DRIVING  SIGNAL4 

: 

CRYSTAL 

DETECTOR 

NO. 

CRYSTAL 
SENSITIVITY 
(MV  DB) 

VERTICAL 
GAIN 
(MV  CM) 

MAGNITUDE 
OF  EE’FECT 
(MV)1,  2 

...  -J 

magnitude:  :  signal3 
OE’  EFFECT  ! 

(DB)1,  2 

‘ 

COAXIAL 

•.!■  R 

LOW 

CW 

12 

’8 

7 

-5.5 

-.07  .ANTENNA 

I  RETURN 

1 

I'L  '• 

*■ 

LOW 

cw 

12 

78 

5 

-5.  0 

-  06 

ANTENNA 

RETURN 

■ 

|l' 

LOW 

| 

CW 

11 

12 

5 

-2.  8 

-.  23 

RECEIVER 

RETURN 

-,7 

1 

LOW 

j 

cw 

12 

68 

5 

-5.  0 

-.  07 

ANTENNA 

RETURN 

.  i 

" 

LOW 

CW 

12 

73 

5 

-5.  1 

-.07 

ANTENNA 

RETURN 

1  | .  1 

1  1  ] 

1 

LOW 

cw 

11 

15 

50 

-3.0 

-0.  2 

RECEIVER 

RETURN 

i 

HIGH 

pulse: 

14 

160, 180 

100 

cC 

(M 

1 

t 

-  15,  -.14 

MONITOR 

’ 

HIGH 

pulse: 

1 

96, 107 

100 

-6 

+.  06 

ANTENNA 

RETURN 

1 

HIGH 

PULSE. 

14 

178, 104 

100 

-28, -34 

-.16, -.18 

MONITOR 

i  OAXIAl 

-  '.It' 

HIGH 

PULSE 

1 

142,148 

100 

-16,  -16 

-.11,-  11 

ANTENNA 

RETURN 

/■ 


HI-  lit  Mi  I  t  'A  ( i  CM  PIS  GIVEN,  I  HE.  1  uKRESPONDS  TO 

I’i'WEH  PM.SE  U’ll  !"•  l.AYKI)  200.  ..'.US  AFTER  THE 

HKH  A Nl>  1' HI-  SET  ONI)  VAUUE  CORRE.  ID  THE  PULSE 

shunijs  autk  hie.  spr  trigger. 

SIGN-  !M'|I  \n  .IN  INI  PEASE'  IN  POV  ;HE'  I’i'INT  OE 

MI  N  i 

I  I  111  I  >  >!•'  V..  >N1I  oPINi .  I  HE  INPII  I 
LI.  I'll  Toli  MONITORING  VSW  K  OE  II 
I  ’!•  Ill  roll  monitor  INI  I  I  HE  RET1  R 

I"  V I* ' i 

■'  1  AIM  '  I  1  !  s  d  N? 1 1,1  IV.  A  HI  1  "• 
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TABU  IV.  RISULTS  Or  BA 
CIRCULATOR  ANO  A  W 
3.6  Cc  R-r  HIGH 


,':ON  (NVIRONMINT  TISTINO  OP  A  WAVIOUID* 
> GU IDI  PHAJI-SMIPT  TYM  DURLIXIR  UNDIR 
■iO  LOW  ROWIR  CONDITIONS  (SHUT  I) 
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Ni  ’ 
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TABLE  IV.  RISULTS  OE  RAOIATION  INVIRONMINT  Hitl 
CIRCULATOR  AND  A  WAVEGUIDE  RHASt-SHIET  TYRE 
5.6  Oc  R-E  HIGH  *4D  LOW  ROWIR  CONDITIO 


MONITOR:  DETECTOR  MONITORING  THE  INPUT  SIGNAL 
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TABLE  V.  SPRF  BURST  DATA  FOR  THE  FiF  '  SPERRY  MICKOWAVfc 
ELECTRONICS  COMPANY  FXPERIK...NTAL  TESTS 
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•  Under  the  same  conditions,  the  average  transient  decrease  in 
signal  level  passing  through  the  adapters  using  polyethylene 
beads  was  less  than  0.  2  db  or  approximately  twice  that  of  the 
Rexolite  beads. 

•  No  significantly  different  results  were  observed  when  operating 
under  high  pulsed  r-f  power  conditions. 

Aluminum  Waveguide  Sections.  A  one-foot  aluminum  waveguide  section 
(using  waveguide -to- coaxial  adapters,  Rexolite  beads),  air  filled,  solid  polyethylene 
filled,  and  high  density  polvfoam  filled,  was  evaluated  at  low  power.  Using  the  same 
adapters,  the  average  transient  decrease  in  signal  level  through  the  air  filled  and 
high  density  polyfoam  filled  waveguide  was  approximately  the  same  at  0.  2  db.  The 
solid  dielectric  polyethylene  reduced  the  observed  effects  to  0.04  db.  The  data  are 
tabulated  in  Table  II. 

Coaxial  Isolator,  The  data  in  Table  IT  conclude  that  the  average  transient 

increase  in  insertion  loss  of  the  coaxial  isolators  tested  is  0. 1  db  at  low  power  and 

5.6  Gc.  This  is  a  value  somewhat  higher  than  the  0.02  db  reported  in  the  Sixth 
0 

Quarterly  Report. 

Coaxial  Circulator.  The  coaxial  circulator,  according  to  Table  II,  exhibited 
an  average  transient  increase  in  insertion  loss  of  0.02  db.  This  is  in  good  agreement 
with  data  previously  taken  on  this  component.  The  tests  were  performed  at  approxi¬ 
mately  100  milliwatts  at  5.6  Gc.  No  significant  transient  effects  were  observed  while 
the  component  was  operating  under  high  power. 

Coaxial  Limiter,  The  following  conclusions  were  reached  from  Table  II  re¬ 
garding  the  coaxial  limiter  tests: 

•  The  average  transient  increase  in  the  insertion  loss  of  the 
coaxial  limiter  operating  at  approximately  100  milliwatts  was 
0.02  di).  (This  is  in  good  agreement  with  previous  data.)® 

•  The  average  transient  decrease  in  the  insertion  loss,  i.e.  , 
increase  in  the  signal  from  the  coaxial  limiter  operating  at 
approximately  5  Kw.  was  greater  than  10  db. 

When  operating  at  low  power,  the  coaxial  limiter  is  operating  below  the  threshold 
limiting  level;  therefore,  at  this  power  level,  it  may  be  expected  to  show  an  increase 
in  insertion  loss  due  to  loni/.atiun  which  the  tests  substantiated.  When  the  limiter  was 
operated  at  5  Kw,  however,  the  limiter  is  operating  above  the  limiting  threshold.  It 
is  reasonable  to  assume  that  the  pulsed  radiation  on  the  component  may  deteriorate 
the  limiting  action.  The  tests  indicated  that  the  limiting  action  of  the  device  was 
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temporarily  deteriorated  to  a  great  extent  upon  exposure  to  radiation  while  operating 
at  high  power  levels. 

A  full  explanation  of  cause  of  the  large  transient  effects  observed  in  the 
limiter  are  not  presently  formulated.  As  mentioned  previously  in  Section  4.  1.  H.  both 
limiters  tested  at  the  SPRF  apparently  were  in  a  non-operating  condition  even  at  low 
power  just  after  the  high  power  r-f  tests  in  the  pulsed  radiation  environment. 

These  limiters  were  rechecked  at  low  and  high  r-f  power  (no  radiation 
environment)  approximately  two  months  later  and  seem  to  be  in  normal  operating 
conditions.  The  typical  measured  operating  characteristics  at  low  power  are  shown 
in  Figure  19. 

The  limiter  exhibited  apparent  normal  operating  characteristics  at  high  power 
m  these  tests  two  months  after  evaluation  in  the  radiation  environment.  The  limiting 
characteristics  are  depicted  in  Figure  20.  Examination  of  the  structure  revealed  no 
evidence  of  r-f  arcing. 


RbB 


b 


Figure  19.  Low  power  characteristics  ot  gyromagnetie  coupling 

limiter,  Serial  No.  1,  approximately  two  months  after 
pulsed  radiation  tests. 
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Since  radiation  damage  thresholds  in  ferrimagnetic  ceramic  materials  have 

20  2 

lieen  measured  to  lx>  quite  high  (approximately  10  neutrons  nn“l,  the  observed  effects 
are  not  attributed  to  changes  in  the  characteristics  ot  the  single  crystal  yttrium  iron 
garnet  material  used  in  the  limiter. 

The  limiter  is  a  fine  tuned  device  as  shown  in  Figure  lit.  Any  changes  in  the 
magnetic  biasing  field  strongly  affects  the  r-f  signal  coupled  'hrough  the  limiter.  It  is 
expected  though  that  any  changes  of  this  type  (similar  effects  would  lx1  noted  as  a  function 
of  temperature)  would  reduce  the  output  signal  of  the  limiter.  However,  any  signal  change 
due  to  alterations  in  the  magnetic  biasing  field  should  occur  at  With  high  and  low  power. 

The  limiter  is  composed  of  two  crossed,  very  narrow  strips  Ix'lween  which  the 
r-f  energy  is  coupled  by  a  small  (0.023"  diameter  O.  D.)  single  crystal  sphere  of  yttrium 
iron  garnet  magnetically  biased  to  ferrimagnetic  resonance  at  the  operating  frequency. 
Normally,  all  of  the  r-f  energy  passing  from  the  input  strip  to  the  output  strip  must  be 
coupled  through  the  sphere.  The  sphere  is  encapsulated  in  a  teflon  holder  which  also 
spaces  the  strips  approximately  0.030"  apart.  The  radiation  test  data  indicate  that  during 
the  nuclear  burst,  energy  is  coupled  directly  from  strip  to  strip,  bypassing  the  yttrium 
iron  garnet  coupling  sphere.  In  other  terms,  the  dynamic  range  (limiting  range)  of  the 
limiter  seems  to  decrease.  However,  no  pulse  radiation  data  have  lx'en  collected  lx* - 
tween  the  100  milliwatt  r-f  power  level  and  the  a  Kw  level  to  verify  this. 

The  apparent  permanent  damage  and  then  recovery  is  somewhat  puzzling  unless 
the  characteristics  of  the  teflon  sphere  holder  and  spacer  are  temporarily  altered 

i"  r—  / 
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Figure  20.  lauuting  characteristic.-,  ul  coaxial  Limiters  taken  apprn.xi- 
rnati  lv  two  month.-  alter  pulsed  radiation  test.-. 


due  to  the  radiation.  However,  evidence  of  any  effects  such  as  this  should  also  have 
been  observed  in  low  r-f  power  experiments.  Low  power  tests  have  always  indicated 
very  small  transient  ellects.  The  coincidence  of  the  high  r-f  peak  power  and  the 
pulsed  nuclear  radiation  seems  necessary  to  produce  the  undesirable  operating  char¬ 
acteristics. 

Redesign  of  the  limiter  structure  itself  may  be  required  to  eliminate  the  ob¬ 
served  transient  effects  at  high  r-f  power. 

Coaxial  Duplexer -Limiter.  The  following  conclusions  are  offered  from  the 
data  ol  Table  III  concerning  the  coaxial  duplexer  tested: 

•  The  average  transient  increase  in  insertion  loss  of  the 
coaxial  duplexer  operating  at  approximately  100  milliwatts 
was  0.07  db  (in  agreement  with  previous  results). 

•  The  average  transient  decrease  in  the  signal  level  from 
the  receiver  port  of  the  coaxial  duplexer  operating  at 
approximately  100  milliwatts  was  0.2  db. 

•  The  average  transient  decrease  in  insertion  loss  of  the 
coaxial  duplexer  operating  at  approximately  5  Kw  was  less 
than  0.  2  db  for  PI  or  P2. 

Tin1  level  of  the  signal  from  the  receiver  port  (through  gvromagnetic  coupling 
limiter)  did  not  increase  as  noted  lor  the  individual  tests  on  the  limiter  because  of  the 
low  level  of  the  r-f  signal  incident  at  the  limiter.  This  port  is  isolated  by  approxi¬ 
mately  30  dli  lrnm  the  input  signal. 

Waveguide  .function  Circulator.  The  data  in  Table  IV  regarding  the  waveguide 
•  ■ireuluic >r  indicate  the  Pillowing  conclusions: 

•  Tlic  average  transient  increase  in  the  insertion  loss  of 

the  waveguide  circulator  operating  approximately  100  milli¬ 
watts  at  5.  6  Ge  was  0.  13  db  (approximately  twice  that  re¬ 
ported  in  the  Sixth  Quarterly  Report). 

•  The  average  transient  increase  in  the  insertion  loss  of  the 
waveguide  circulator  operating  at  approximately  5  Kw  at 
■>.  6  Ge  was  less  than  0.  1  db  (approximately  the  same  as 

at  low  power). 

•  No  significant  changes  were  observed  m  the  signal  level 
t n mi  the  receiver  port..  (See  Figure  0.) 

Waveguide  Diilereiitial  Phase  Shift  Duplexer.  Following  are  the  conclusions 
n  acht  d  lnun  the  data  ol  Table  IV  on  the  waveguide  duplexer: 

•  Tile  average  transient  increase  in  insertion  loss  (antenna 
return)  of  the  waveguide  duplexer  operating  at  low  power 
(approximately  100  milliwatts)  at  5.0  Ge  was  less  than  0.2  db. 


•  The  average  transient  decrease  in  isolation  (receiver  return) 
of  the  waveguide  duplexer  operating  at  low  power  (approxi¬ 
mately  100  milliwatts  cw)  at  5.6  Gc  was  0.  5  db. 

•  The  average  transient  increase  in  the  insertion  loss  (antenna 
return)  of  the  waveguide  duplexer  operating  at  approximately 
5  Kw  peak  at  5.  6  Gc  was  less  than  0.  25  db  (essentially  the 
same  as  observed  at  low  power). 

The  transient  effects  observed  for  both  the  waveguide  circulator  and  wave¬ 
guide  duplexer  are  near  the  magnitude  observed  for  the  adapters  as  reported  pre¬ 
viously.  A  waveguide-to- coaxial  adapter  is  required  on  each  port  of  these  component 
when  performing  tests  at  the  SPRF. 
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4.3  DOSIMETRY 


Tho  burst  magnitude  data  provided  by  the  SPRF  personnel  at  the  time  ot  the 

experiments  are  summarized  in  Table  V.  The  change  in  bulk  reactor  temperature 

during  the  burst  is  given  with  the  total  number  of  fissions  which  occurred  during  the 

7 

burst.  The  latter  parameter  is  calculated  by  means  of  the  following  relation: 

Total  number  of  fissions  =  -4.1  _.i . ■  x  lO*®. 

The  dosimetry  support  given  by  the  Sandia  Corporation  Nuclear  Measurement 
and  Dosimetry  Section  consisted  of  the  following: 

(a)  Four  sulfur  pellets  per  burst  to  measure  the  integrated 
neutron  ( E  >  3.  00  Mev)  flux  at  each  component. 

(b)  One  or  two  each  per  day  of  pultonium.  neptunium,  and 
uranium  fission  foils  enclosed  in  a  boron  ball  to  measure 
the  integral  neutron  fluxes  where 

E  >0.01  Mev  for  Pu  threshold 
n 

E  >  0. 7  Mev  for  Np  threshold 
n  r 

E  >1.5  Mev  lor  U  threshold 
n 

(e)  Two  gold  toils  for  each  burst,  one  of  which  was  cadmium 
covered,  to  measure  the  integrated  neutron  (E  >0.4  ev) 
flux.  11 

(d)  One  glass  rod  (in  lithium  cylinders)  per  burst  to  measure 
the  integrated  y-ray  dose  in  rads  HgO.  (In  this  definition 
1  rad  is  the  amount  of  y  radiation  necessary  to  produce  a 
100  erg/ gram  energy  absorption  rate  in  water. ) 

One  to  two  sets  of  tission  foils  (item  b)  were  used  per  day  of  testing.  The  E^  >  0.  01 
Mev.  E()  >  0.  7  Mev  and  E^  >  1.5  Mev  integral  fluxes  for  the  other  bursts  obtained 
that  day  may  be  determined  from  the  values  measured  during  the  burst  in  which  the 
-  torts-  wero  present  by  into  rpohttten  provided  the- total  -mass-  sarin >u ndlng  -the -r  eae tor  -is 
not  changed  appreciably.  A  ratio  of  burst  to  burst  integral  fluxes  (E^  >3.0  Mev).  as 
measured  by  the  sulfur  pellets,  may  be  used  to  calculate  the  equivalent  fission  foil 
fluxes  for  the  other  bursts  obtained  during  the  day.  This  procedure  was  suggested  by 
SPRF  personnel.  ^ 
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To  obtain  the  maximum  dose  rates  from  the  integral  quantities  reported  by 

9 

the  Nuclear  Measurements  and  Dosimetry  Section,  the  following  procedure  was 

followed.  The  reactor  period  associated  with  the  burst  is  denoted  by  T.  The  width 

of  the  neutron  pulse  at  one- half  maximum,  Tw.  is  given  by  Tw  =  2.86T.  Fora 

.5 

50- microsecond  wide  pulse,  the  period  is  1.75  x  10  seconds  or  17.  5  micro- 

4  - 1 

seconds.  The  reciprocal  reactor  period  a  =  1/T  is  5.72  x  10  sec  .  The  ratio 
of  peak  fission  rate  to  total  fissions  is 

F  . 

-y, =  1.43x10  /second  for  a  50  // see  pulse. 

Ftotal 

The  neutron  flux  above  3.  0  Mev  is  measured  by  sulfur  pellets,  which  is 

about  14.  5  percent  of  the  total  flux  above  10'Kev.  The  first  collision  tissue  dose  is 

-  8 

related  to  the  sulfur  flux  by  D  =  1.  66  x  10'  V  ■  About  80  percent  of  the  total 
neutron  dose  is  delivered  during  the  prompt  c  r  iti  c  al  bur  stand  the  remaining  20  per¬ 
cent  during  the  delayed  critical  portion  of  the  burst. 

Approximately  75  percent  of  the  total  gamma  dose  is  delivered  during  the 

prompt  critical  burst,  and  the  total  gamma  dose  is  approximately  10  percent  of  the 

-2 

total  neutron  dose.  The  peak  gamma  dose  rate  then  becomes  1.9  x  10"  D^/T,  where 
is  the  total  neutron  dose  delivered  during  the  burst  and  T  is  the  reactor  period. 
The  results  of  these  type  calculations  giving  dose  rates  along  with  the  integral  doses, 
where  available,  are  given  in  Table  VI  (which  appears  at  the  end  of  this  section). 

4.  4  SUMMARY  OF  RESULTS 

Table  VI  presents  a  summary  of  all  the  radiation  transient  effects  observed 
together  with  the  dosimetry  report  (magnitude  of  radiation  burst)  for  each  component 


tested. 


SYMBOL  DEFINITIONS  FOR  TALLIN  VI 


S  =  DIFFERENCE  BETWEEN  CENTER  OF  RADIATION  BURST  AND 

CENTER  OF  PI  (MICROSECONDS) 

Eng  =  INTEGRATED  NEUTRON  FLUX  3.  0  Mev  (NEUTRONS,  cm2) 

Enl.  5  =  INTEGRAL  NEUTRON  FLUX  1.  5  Mev  (NEUTRONS/cm2) 

Ens  .  .  * . 

=  7T?F 

En0.  6  =  INTEGRAL  NEUTRON  FLUX  0. 7  Mev  (NEUTRONS/cm2) 

-  INTEGRAL  NEUTRON  FLUX  0. 01  Mev  (NEUTRONS,  Cm2) _ _ 

Dn  =  FIRST  COLLISION  TISSUE  DOSE  OF  NEUTRONS  (RAD6) 

=  1. 66  x  l(f  8  Eng  WHERE  1. 66  x  10"8  IS  AN  EMPIRICAL  NUMBER 

T  =  RADIATION  PULSE  WIDTH  AT  ONE-HALF  MAXIMUM  OBTAINED 

FROM  SPRF  PHOTOGRAPH  (SECOND6) 

T  =  REACTOR  PERIOD  =  Tw  WHERE  IS  AN  EMPIRICAL 

NUMBER  (SEC. ) 

R  =  RATIO  OF  PEAK  NEUTRON  FISSION  RATE  TO  THE  TOTAL  NEUTRON 

FISSIONS  = 

Dg  =  INTEGRATED  GAMMA  DOSE  (RADS) 

DgJ.  =  PEAK  GAMMA  DOSE  RATE  (RADS/SEC. ) 

NOTES: 

\  Hi  ouifled  —  5  lew 

*  Power  level  delivered  to  the  component  under  test  Lqw  lw)  miniwatta 

**  Positive  sign  indicates  the  center  of  the  radiation  burst  was  ahead 
of  the  center  of  PI. 

***~En0.  01  was  calculated  assuming  Ens  -  07T45  En  0. 01. - - - - 


(NEUTRONS  cm  ) 
if  (NEUTRONS  cm2) 


'alls  vi 

RADIATION  BURST  AND 

ev  (NEUTRONS  cm2) 
(NEUTRONS  cm2) 


PUTRONS  (RADS) 

AN  EMPIRICAL  NUMBER 
^.LF  MAXIMUM  OBTAINED 

HE  j  |6  K  AN  EMPIRICAL 
lATE  TO  THE  TOTAL  NEUTRON 


P.) 


(orient  under  test 


t  Hi  pulsed  '  5kw 


I  Low  cw  -  100  milliwatts 

iof  the  radiation  burst  was  ahead 

i 

Ls--— &-14S-E  -  OrOt-.- - — - 


1 

2 

3 

4 

r, 

INTEGRATED 

BURST 

COMPONENT 

POWER 

S  ** 

NEUTRON  FLUX 

NUMBER 

EXPOSED 

LEVEL* 

(MICROSECONDS) 

^ns 

'NEUTRONS,  cm2) 

1 

W/G  TO  COAXIAL  ADAPTER  *  1 

HI  PULSED 

0 

1  05  x  1012 

(REXOLITE  BEAD) 

W/G  TO  COAXIAL  ADAPTER  #3 

LOW  CW 

1.  30  x  1012 

(REXOLITE  BEAD) 

W/G  TO  COAXIAL  ADAPTER  #4 

LOW  CW 

1.  35  x  1012 

(REXOLITE  BEAD) 

W/G  DUPLEXER 

LOW  CW 

i.  or,  x  io12 

2 

W/G  TO  COAXIAL  ADAPTER  i»l 

HI  PULSED 

o 

•I.  50  X  I011 

(REXOLITE  BEAD) 

W/G  TO  COAXIAL  ADAPTER  #3 

LOW  CW 

1.  ?8  x  1012 

- . - 

(REXOLITE  BEAD) 

-  -  - . - 

W/G  TO  COAXIAL  ADAPTER  #4 

LOW  CW 

1.  07  \  10l2 

(REXOLITE  BEAD) 

W/G  DUPLEXER 

LOW  CW 

i.  00  x  lli  12 

.  3  . 

W/a  TO  oo  AXTAf.  AnApTER  #1  . 

HI  PULSED 

*15  . 

0.  17.x  10 1’ 

(POLYETHYLENE  BEAD) 

W/G  TO  COAXIAL  ADAPTER  #3 

LOW  CW 

1  11  x  1  o’ 2 

(POLYETHYLENE  BEAD) 

W/G  TC  COAXIAL  ADAPTER  #4 

LOW  CW 

1.  10  x  1012 

(POLYETHYLENE  BEAD) 

W/G  DUPLEXER 

LOW  CW 

3.  91  x  1012 

4 

W/G  TO  COAXIAL  ADAPTER  #1 

HI  PULSED 

+20 

5  55  X  lo’  1 

(POLYETHYLENE  BEAD) 

W/G  TO  COAXIAL  ADAPTER  #3 

LOW  CW 

1.  11  x  101 2 

(POLYETHYLENE  BEAD) 

W/G  TO  COAXIAL  ADAPTER  #4 

LOW  CW 

1  21  x  U)'2 

(POLYETHYLENE  BEAD) 

W/G  DUPLEXER 

LOW  CW 

1.  04  x  101 2 

5 

W/G  DUPLEXER 

HI  PULSED 

+20 

1.  73  x  1012 

W/G  CIRCULATOR 

LOW  CW 

2.  05  x  IO’2 

COAXIAL  DUPLEXER 

LOW  CW 

1.  43  x  10’ 2 

COAXIAL  ISOLATOR 

LOW  CW 

1.  43  x  1 0 1 2 

6 

W/G  DUPLEXER 

HI  PULSED 

0 

CM 

o 

CM 

W/G  CIRCULATOR 

LOW  CW 

1.  38  x  1 0 1 2 

COAXIAL  DUPLEXER 

....  LOW  CW 

_  _2.14_x.10l2 

COAXIAL  ISOLATOR 

LOW  CW 

1.  38  x  1012 

7 

W/G  DUPLEXER 

HI  PULSED 

0 

1.  5f>  x  10*2 

COAXIAL  DUPLEXER 

LOW  CW 

2.  12  x  1012 

8 

W/G  DUPLEXER 

HI  PULSED 

0 

!.  67  x  IO*2 

. . 

COAXIAL  DUPLEXER  ' 

LOW  CW 

_ _ 

2.  08  x  1012 

POWER 
LEVEL  ’ 

HI  PULSED 
LOW  CW 
LOW  CW 
LOW  CW 
HI  PULSED 
LOW  CW 
LOW  CW 
LOW  CW 

HI  PULSED 
LOW  CW 
LOW  CW 
LOW  CW 

HI  PULSED 
LOW  CW 
LOW  CW 
LOW  CW 

HI  PULSED 

LOW  CW 
LOW  CW 
LOW  CW 

HI  PULSED 

LOW  CW 
LOW  CW 

LOW  CW 

HI  PULSED 

LOW  CW 

HI  PULSED 

LOW  CW 
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Table  VI.  NEUTRON  AND  T -RAY  DOSIMITRY  PROVIDING  INTIORAL  DOSI  AND  DOSE  RA 
TO  THE  MICROWAVE  COMPONENTS  AND  THE  ORSERVED  EFFECTS  (SHEET  1) 


5 

6 

7 

8  ! 

i 

INTEGRATED 
NEUTRON  FLUX 

INTEGRATED  NEUTRON  FLUX  (MORON  BALL) 
(NEUTRONS/ cm2) 

(NEUTR$NS/cm2) 

En  1.  5 

En  0.  0 

En  0.  01 

1.  05  x  1012 

2.  25  x  1012 

4.  44  x  1012 

6.  32  x  10 12  | 

1.  36  x  1012 

[ 

j 

1.  35  x  1012 
1.  65  x  1012 
6.  59  x  1011 
1.  28  x  1012 
1.  67  x  1012 
1.  60  x  1012 


9 

INTEGRATED  NEI'T: 
FLUX*** 

E„  0.  01  (CALCTLA  : 
(NEUTRONS  cu" 

7.  24  x  10’-'-’ 

9.  38  x  101  ' 

9.  31  x 

1.  14  x  Hi 1:1 
4.  54  x  101- 

8.  83  \  1012 
1.  15  x  1013 
1.  10  x  10  !•' 


10 

,v  NEUTRON 
TISSUE 
DOSE  Dn 
(RADS) 

1.  74  x  104 

2.  26  x  104 

!  2.  24  x  104 

2.  74  x  104 

1.  09  x  104 

2.  12  }.  104 
2.  77  x  104 
2.  66  x  104 


11 

12 

PULSE 

REAC 

WIDTH 

PER] 

Tw  (SEC.) 

T  (SE 

41  x 

io-6 

1 4.  3  x 

41  x 

10'fi 

11  3  x 

41.x 

i 

io-t; 

14.3  \ 

I 

|  41  x 

10'° 

14  .. 

40  x 

10-e 

14.  0  \ 

40  X 

10‘i; 

14.  0  \ 

40  x 

10-G 

14.  0  x 

|  40  x 

10-(i 

14  0  x 

6.  17  x  10U 
1.  11  x  lol 2 
1.  10  x  lO42 
1.  91  x  1012 

5.  55  x  10u 
1.  11  x  1012 
1.  21  x  1012 
1.  64  x  1012 


4. 

20  x 

io‘- 

1.  02  x  104  | 

10 12 

40  x 

10"fi 

1 4.  0  x 

7. 

66  x 

4  ^ 

io-,; 

1.  84  x  10H  | 

40  x 

14.  0  x 

7. 

59  x  10*2 

'  83  x  104  j 

io13 

40  x 

io-fi 

14  Ox 

1. 

31  x 

3.  17  x  104  | 

40  x 

10-t; 

14.  0  x 

3. 

.43  x 

1012 

9.21  x  103 

10- 11 

41  x 

14  3  \ 

66  x 

H’i: 

1.  84  x  104 

41  x 

10"  6 

14.  3  x 

8. 

35  x 

1U12 

2.  01  x  104 

41  x 

10- 

14  3  x 

1. 

13  x 

10' 3 

r. 

2.  72  x  104 

41  x 

io'f 

14.  3  x 

1.  73  x 

1012 

2.  62  x  1012 

2.  05  x 

1012 

1.  43  x 

1012 

1.  43  x 

1012  j 

1.  52  x 

1012  1 

1.  38  x 

1012  I 

T.  14  x 

TO42 

j 

1.  38  x 

1012 

1.  55  x 

1012 

2.  12  x 

1012 

i 

1.  67  x 

1012 

2.  08  x 

1012 

4.  70  X  1012  6.  66  x  10 12  ' 


1.  19  x  10i:i 

1.  41  x  IO13 

2.  87  X 

9.  86  x  101  • 

3.  40  x 

9.  86  x  1012 

2.  37  x 

2.  37  x 

1.  05  x  11112 

.>  -  .- 

9.  52  x  lu' ^ 

1.  48  x  10 13 

2.  29  x 

9.  52  x  10 12 

3.  55  x 

2.  29  x 

1.  07  x  10i:! 

2.  57  x 

1.  46  x  IO13 

3.  52  X 

1.  15  x  IO13 

2.  77  \ 

1.  43  x  IO13 

3.  45  x 

io4  1 

42  x  1 0 - r>  j 

14.  7  x 

io4  ! 

42  x  10’°  i 

i4.  7  x 

io4 

42  x  IO-*)  1 

14.  7  x 

104 

42  x  10J> 

14  7  x 

,  ,,  1  ; 

41  x  10-(; 

14,  3  x 

io4 

41  x  10'° 

14.  3  x 

10'* 

41  x  IO-0 

14.  3  x 

104 

41  x  10'fi 

14.  3  > 

1 

104 

49  x  IO"6 

i  1 7.  1  > 

i 

104 

49  x  10-f> 

17.  1  > 

104 

45  x  10'fi 

15.  7  ' 

IO4 

45  x  IO-0 

1  5.  7  N 

r!T*Y  MOVIt 
PONENTS  Af 


f C R A t  DOSE  AND  DOSE  RATE  EXPOSURES 
'(■SERVED  EFFECTS  (SHEET  1 ) 


i  '  T 

. r 

-  -  -  -  T 

- 

T  ’ 

9 

n 

12 

13 

14 

1.3 

in 

TED  NEUTROr 

LUX*** 

CALCULATED 
'RONS/  cm2) 

RUI.SE 
:  1  WIDTH 

'  Tw  (SEC.) 

REACTOR 

PERIOD 

T  (SEC.  )  i 

R 

11,  SEC.  1 

PEAK  INCIDENT 
NEUTRON  KI.UX 

REn  0.  01  (CALCULATED) 
(NEUTRONS  i-m2  SEC.  ", 

IN  m, RATED 
DA  MM  A 
DOSED,.,. 
(RAI)SV 

i  i 

PEAK  INCIDENT 
GAMMA 

DOSE  Dm- 
i  RADS  SEC'.  ) 

24  x  1012 

11  \  10“° 

14.  3  x  10-,; 

1  75  x  10'4 

1.  27  x  li)'7 

2  15  x  ID3 

2.  28  x  111"  | 

38  x  1012 

■  41  x  1U"1' 

14.  3  x  10'c  : 

1.  75  x  104 

1.  91  x  10 1  7 

2  •  5  x  1  ii ! 

2  97  x  107  ! 

31  x  I012 

: '  ii  x  10'° 

14.3x10-° 

1.  75  x  1U"4  1 

1.  03  \  11117 

2.  i  x  in3 

2.  94  x  10 7 

14  x  1013 

:  ■ ;  tlx  ur'’ 

1 

14  3  x  10-° 

1.  75  x  104 

2  00  x  101 1 

3.  49  X  103 

3.  50  x  107 

54  x  1U12 

,  ■■-  to  X  10’° 

11.  0  X  10-° 

1.  79  X  104 

8.  13  x  101'1 

2.  TO  x  103 

1.  40  x  lU7 

83  x  1012 

,  40  x  10' 11 

14.  0  X  10-° 

1.  79  x  104 

1.  58  x  101  ‘ 

i  3  :  4  x  11)3 

2  85  x  107  i 

15  x  1013 

’  to  X  10**’ 

14.  0  x  10'° 

1.  79  x  104 

2.  00  x  10 17 

1  3  (U  x  103 

3. 72  x  107 

10  x  1013 

.. 

1  . '  'to  X  10"  '■ 

14.  0  .x  10-° 

1.  79  x  104 

1  97  \  lO17 

4  07  x  103 

3  37  x  107 

20  x  1012 

40x10'-' 

14. 0  X  10-° 

1.  79  x  104 

7.  03  x  1(1 1,1 

1  3.  5  x  i‘)3 

1.  37  \  lU7  , 

'00  x  1012 

..  !  10  x  10',; 

14.  0  x  10’° 

1.  79  x  lit4 

1  37  x  in17 

■i.  r>  x  ui3 

2. 47  x  107 

59  x  10 12 

;  i ;  40  x  l<r° 

14.  0  x  10*° 

1 

1.  79  x  104  ! 

1.  30  x  10 17 

■  3.  4  '  X  103 

2.  40  x  10" 

31  x  10 ':i 

40  x  lO"*' 

14.  0  x  10-° 

1  79  x  104  ; 

2  3  5  \  11117 

4.  1  i  X  1U3 

t.  20  x  107 

M  \  HI1" 

'  tix  ur1’ 

14  3  x  U)-° 

1  75  x  104 

0  73  ■  101'' 

2  '•  i  \  103 

1.21x10° 

00  x  1()12 

41  x  !0"° 

14.  3  x  10-° 

1.75  x  104 

1.  34  x  10>7 

4  80  x  ll)3 

2.  42  x  107 

35  x  HI12 

’  O  tlx  10'° 

14  3  x  10'° 

1.  75  x  104  | 

1.  10  \  1017 

3.  9  I  '  lo3 

2.  04  x  107 

13  x  1013 

;  14  3  x  10-° 

1.  75  x  104 

t  0  )  X  103 

_ 

1 1  x  ur 

I.  !>i.  x  IP1  1 

3.  57  x  10' 

19  x  1U13 

] 

_  ; 

42  ,  io-° 

14.  7  x  10-° 

1.  70  x  104  ! 

2  u2  x  lo'7 

4.  19  \  HI3 

3.  00  X  lU7 

41  x  10 13 

1 

2.  40  '  IP17 

4.  1  ii  \  103 

80  x  ID12 

•  13  x 

1 4.  7  X  10'° 

1.  70  X  104  : 

4.  34  x  10' 

.  _  .  *7 

80  x  10*2 

1  ■  ■ 4  12  x  U>-° 

14.  7  \  10"° 

!  1.  70  x  104  ■ 

1.  On  x  1017 

4  10  x  1()3 

3.  02  x  10' 

.  -  !  tl’  x  It*’*1' 

14  7  x  10-° 

1.  70  \  104 

1.  OH  x  10 17 

1.  1  >  x  IP3 

3.  02  x  107 

05  x  10 12 

;i  .  nr1' 

14  3  x  10-° 

1.75  x  1 04 

1. 84  \  1 0 1  * ’ 

3  80  \  lo3 

3  48  x  1(1" 

32  x  11112 

48  x  10 13 

•  i  il  X  10~" 

14.  3  x  10-° 

!  1.  75  x  104  ! 

1.  07  x  10-1'-' 

.  3.  2D  \  103 

3.  01  X  U)7 

O'1  41  x  10-’' 

14.  3  x  10-° 

1  1.  75  x  104 

2  59  x  10 17 

■4  nO  \  ll>*1 

4.  00  x  1U7 

52  x  ID12 

, 

'  tix  ur'' 

14.  3  x  10-° 

1.75.X104 

1.  07  x  10 1,1 

;  I’D  \  Hw 

3  01  x  10' 

07  x  10 13 

.  1 :  43  x  III'1' 

17  1  x  10 -o 

; 

1.  40  x  104 

1.  40  x  1U1 7 

4.  34  x  103 

2.  81  x  U)7 

40  s  11113 

- 

'  !■<  Iir° 

17.  1  x  10-° 

1.40  x  104 

2  13  \  in17 

3.  3.1  \  10:< 

3.  8:5  x  10'  , 

15  x  B)13 

3  7(1  \  In-1 

| 

1  •  X  10'  ■' 

15.  7  x  10-° 

1.  59  \  104 

I  83  \  IP17 

m.  :iu  \  iu‘ 

i 

43  x  IO!3 

'•  ;  1 5  x  i  o  - 1 1 

■  13  7  x  Iij-° 

1 

I  1.  59  x  1U4 

2.  27  x  1P‘7 

|  3  9.1  \  103 

4.  1 1  x  lU7  1 

1 

RADIATION  I 


0.  04  DP  INCREASE  IN  MON 
0.  04  DD  DECREASE  IN  INSi 
0.  09  DB  INCREASE  IN  INSE 
O'.  03  DB  INCREASE  IN  VSWI 
0.  23  DB  INCREASE  IN  INSE 


.  i.i,  dd  i \i ' i; i  \-i  in  '  i 

0.  Of)  DB  DECREASE  IN  MOf 
0.  18  DB  INCREASE  IN  INSE 
0.  07  DB  INCREASE  IN  INSE 

0.  11  DB  INCREASE  IN  INSE 

0.  14  DB  INCREASE  IN  INSE 
0.  52  DB  INCREASE  IN  1SOI 

0.  05  DB  DECREASE  IN  INSI 

0.  07  DB  INCREASE  IN  INSE 
0.  02  DB  INCREASE  IN  VSW 
0.  20  DB  INCREASE  IN  INSI 

0.  21  DB  INCREASE  IN  INst. 
0.  50  DB  INCREASE  IN  ISOl 

NO  CALIBRATION  ON  ADA 

0.  10  DB  INCREASE  IN  INsl 
0.  03  DB  INCREASE  IN  VSW 
0.  28  DB  INCREASE  IN  INSt 

0.  22  DB  INCREASE  IN  INSI 
0.  52  DB  INCREASE  IN  ISOI 

NO  CALIBRATION  ON  MON 
0.  09  DB  INCREASE  IN  INSI- 
0.  10  DB  INCREASE  IN  INSI 
0.  07  DB  INCREASE  IN  INSI- 
0.  II  DB  INCREASE  IN  INSI 

0.  10  DB  DECREASE  IN  MO! 
0.  15  DB  INCREASE  IN  INSI 
0.  15  DB  INCREASE  IN  INSI- 
0.  23  DB  INCREASE  IN  ISOI 
0.  00  DB  INCREASE  IN  INSI- 
U.  OH  DB  INCREASE  IN  INSI- 

0.  10  DB  INCREASE  IN  MON 
0.  09  I)B  INCREASE  IN  IN  Si¬ 
ll.  07  DB  INCREASE  IN  INSI- 


(1  18  DB  IN'" 


tND  DOSE  RATE  EXPOSURES 
TS  (SHEET!) 

r  i  12  i3 


jSK  !  REACTOR 

iTH  PERIOD 

six'.)  :  r  (sec.  ) 

io-b  ;  14.  3  \  Hr11 
IO"1'  |  M  3  \  pr" 
10-fi  |  14.3  \  1 U " 1 ' 

urfl  1  1 1  3  \  in-1'' 

10_t;  |  1 4.  0  \  1 0" " 

P)  ’  j  14.  0  x  in-'1 

nr''  :  n.  o  ,\  io-,; 

10-1  1  1  4.  0  \  pH’ 

j 

1U',:  '  14  0  10-'' 

1  10*"  I  14.  U  \  l(ri; 

I 

t  nr'*  1  14  0  \  pr" 
[  HI-1,  14  U  \  10-'' 


10-" 

115 

•\ 

lu-1' 

1  To  % 

lo* 

lo  " 

M.  3 

X 

l(r tl 

i  r> \ 

iii  * 

pr" 

14  3 

X 

10- ' 

1 .  T  :'*  x 

lo* 

lo'1. 

14  < 

It)-  * 

1  7.~)  X 

lu  ’ 

10  " 

14  7 

\ 

10  1 

1  7u  x 

10* 

pr" 

1 4  7 

X, 

1 0’  »■ 

l.  To  \ 

104 

Pi-" 

1  1.  7 

\ 

U 

1.  70  x 

10* 

iir*1 

1  i  7 

10-t: 

1.  70  \ 

104 

' 

1  1  5 

1  0- » 

1 .  7f>  x 

lo4 

pc' 

14  3 

\ 

1(1-  ’’ 

1  7f>  \ 

lo 1 

pc" 

1  1  3 

\ 

in**’ 

1  7fi  \ 

10-1 

pr" 

14  3 

\ 

lu-'1 

1  7  »  x 

to4 

ur' 

17  1 

X 

Kr1, 

1.  x 

lo4 

pc' 

17.  1 

\ 

io  -  * 

1  -If.  X 

10* 

pr" 

15  7 

X 

ur'1 

1.  .0  \ 

IO4 

pr" 

:  15  ; 

\ 

lu- '' 

i.  :>*»  x 

lo4 

R 

n  six-  i 

1  75  \  In1 
1.  7:,  \  i 1 1*1 
1.  75  \  lo4 

1.  75  \  hi4 
1.  7!)  x  in  ' 
1.  79  x  104 
1  79  1 0 1 

1.  73  x  104 

1.  711  x  Hi! 
1 .  79  x  1 94 
1.  74  x  1  l.l'l 
1  74  \  Id  1 


PEAK  INCIDENT 
NET  TRON  FI.EX 
RE„  U.  Ill  U’AI.CIT ATEDi 
(NEETRONS  cm-  SEC.  ) 

1  37  x  PI17 


1!  !  M I  X  14  ' 

■  13  ..  p.l1' 

1  51.  x  Id17 
J  ill ■  \  p 1 1  ' 
1  47  v  ini'7 


l  P*  x  Id1 1 
3  5  5  x  11117 

74  ..  P'l‘- 
1.  14  x  Hi17 
1.  Hi  \  1017 
1  i  ;  x  l.il? 

Hi1  v  1 1  >  l  v 

7.  4u  x  1017 

1  HP  X  ID17 
1.  PH  x  10*7 

1.14  \  IO11'1 

1.  I  7  x  Pi11, 

2  54  \  1H17 

1  i  7  x  101'1 
1  :>!>  \  PI17 
1'  13  \  p'17 
1  i(3  x  pP  ‘ 
I’  37  x  IP17 


■  AM.\1A 
! » 'SE  I\, , 

'  TADS') 

"  '-5  x  UK1 


>.  0  x  pr 


3  n.)  x  ICC 


2.  55  x  103 
1.  1  5  \  It)3 

3.  4  )  x  1C3 

4.  4  I  x  103 

2  H  i  \  U)3 
4  SO  x  103 

3.  114  x  lx'3 
1  n  )  x  lu3 

4.  14  x  Id3 

4.  Pi  x  lO3 
4.  4')  x  11)3 
4.  ii  x  1()3 

3.  HU  x  pi3 

3.  2.1  x  Id3 

4.  Hi)  x  pi3 

3.  2 II  \  1U3 
t  3  i  \  103 

3  3  i  \  PE 
3.  4  x  P'3 
3  -x.  \  pi3 


GAMMA 
DOSE  LW 
i  (RADS  SEC.) 

t  -  -  -  - 

|  2.  28  x  UP 

2,  97  x  p)7 

2.  94  X  lu7 

3.  50  x  UP 

1.  HI  X  Pi7 

2.  H5  x  Id7 
7.  72  x  PI7 

3.  57  \  107 

1.  37  x  107 

2.  47  x  107 

'  2.  4G  x  10" 

4.  2f  x  107 

1.21  xlO1-' 

2  42  x  UP 

2.  04  x  107 

3.  37  x  UP 

3.  f.C,  x  1(P 

4.  34  x  107 
3.  02  x  HP 
3.  02  \  UP 

3  43  x  lu7 

.1  01  x  UP 

1.  HO  x  IIP 

3  01  x  lo7 

2.  HI  x  Hi7 
3  hi  X  lu 1 

3.  50  x  HP 
1  1  1  x  UP 


--i 


6 


P  '  )  ORATED  PEAK  INCIDENT 


RADIATION  Ef  FECT  ON  COMPONENTS 


0.  04  I)B  INCREASE  IN  MONITOR  SIGNAI.  PI  «.  P2 
0.  04  DB  DECREASE  IN  INSERTION  LOSS  PI  &  P2 
0.  09  DB  INCREASE  IN  INSERTION  LOSS 
0.  03  DB  INCREASE  IN  VSWR  SIGNAL 
0.  23  I)B  INCREASE  IN  INSERTION  LOSS 


.  ..i  i  o  i  I  \(  ID  \m  I\  H  >  i  \  I  (i  >\ 

0.  05  DB  DECREASE  IN  MONITOR  SIGNAL  PI  &  P2 
U  18  DB  INCREASE  IN  INSERTION  LOSS  PI  K  P2 
0.  07  DB  INCREASE  IN  INSERTION  LOSS 

O.  11  DB  INCREASE  IN  INSERTION  LOSS 

'  C.  14  DB  INCREASE  IN  INSERTION  LOSS 
'  o  52  DB  INCREASE  IN  ISOLATION 

|  0.  05  DB  DECREASE  IN  INSERTION  LOSS  PI  X  P2 

i 

!  0.  07  DB  INCREASE  IN  INSERTION  LOSS 

0.  02  DB  INCREASE  IN  VSWR  SIGNAI. 

0.  20  DB  INCREASE  IN  INSERTION  LOSS 

0.  21  DB  INCREASE  IN  INSERTION  LOSS 
0.  50  I)B  INCREASE  IN  ISOLATION 

j  NO  CALIBRATION  ON  ADAPTER  Re, TERN  SIGNAI. 

0.  10  DB  INCREASE  IN  INSERTION  LOSS 
;  (I.  03  DB  INCREASE  IN  VSWR  SIGNAL 

0.  28  DB  INCREASE  IN  INSERTION  LOSS 

i 

0.  22  DB  INCREASE  IN  INSERTION  LOSS 
0.  52  DB  INCREASE  IN  ISOIATION 

i  NO  CALIBRATION  ON  MONITOR  SIGNAL 

0.09  DB  INCREASE  IN  INSERTION  LOSS  PI  N  P2 
j  0.  10  DB  INCREASE  IN  INSERTION  LOSS 
0.  07  DB  INCREASE  IN  INSERTION  LOSS 
0.  11  DB  INCREASE  IN  INSERTION  LOSS 

0.  10  DB  DECREASE  IN  MONITOR  SIGNAL  El  (x  B2 
0.  15  DB  INCREASE  IN  INSERTION  LOSS  PI  x  P2 
.  U.  15  D11  INCREASE  IN  INSERTION  LOSS 
0  23  DB  INCREASE  IN  ISOLATION 
0.  00  DB  INCREASE  IN  INSERTION  LOSS 
0.  OH  DB  INCREASE  IN  INSERTION  LOSS 

0.  10  DB  INCREASE  IN  MONITOR  SIGNAI  IM  PU 
0.  09  DB  INCREASE  IN  INSERTION  LOSS 
0.  07  DB  INCREASE  IN  INSERTION  LOSS 

0  in  DB  INCREASE  IN  MONITOR  SIGNAI  IM  J.  B2 
j  0.  15  DB  DECREASE  IN  INSERTION  I  OSS  P2 
|  0.07  DB  INCREASE  IN  INSERTION  I.OSS 

l  2.  0  DB  INCREASE  IN  ISOIATION 


4  31/32 


SYMBOL  DEFINITIONS  FOR  TABLE  VI 


E  1.  5 
n 


E  0.6 
n 

E  0.01 
n 


DIFFERENCE  BETWEEN  CENTER  OF  RADIATION  BURST  AND 
CENTER  OF  PI  (MICROSECONDS) 

INTEGRATED  NEUTRON  FLUX  3.  0  Mev  (NEUTRONS  cm2) 
INTEGRAL  NEUTRON  FLUX  1.  5  Mev  (NEUTRONS  cm2) 

E 

ns 
.  143 

INTEGRAL  NEUTRON  FLUX  0.  7  Mev  (NEUTRONS  Cm2| 

INTEGRAL  NEUTRON  FLUX  0.  01  Mev  (NEUTRONS  cm2) 

FIRST  COLLISION  TISSUE  DOSE  OF  NEUTRONS  (RADS) 

1.  66  X  10'8  E  WHERE  1.  66  x  10'8  IS  AN  EMPIRICAL  NUMBER 
ns 

RADIATION  PULSE  WIDTH  AT  ONE-HALF  MAXIMUM  OBTAINED 
FROM  SPRF  PHOTOGRAPH  (SECONDS) 


REACTOR  PERIOD 
NUMBER  (SEC. ) 


-1  T  WHERE  1  IS  AN  EMPIRICAL 
2. 86  *  2. 86 


RATIO  OF  PEAK  NEUTRON  FISSION  RATE  TO  THE  TOTAL  NEUTRON 
1 


FISSIONS 


4T 


D 


In' 

D 

nr 

NOTES- 


INTEGRATED  GAMMA  DOSE  (RADS) 

PEAK  GAMMA  DOSE  RATE  (RADS  SEC.  ) 

*  Power  level  delivered  to  the  component  under  test. 


(  Hi  pulsed  -  5k  w 
1  Low  cw  -  100  milliwatts 


**  Positive  sign  indicates  the  center  of  the  radiation  burst  war  ahead 
of  the  center  of  PI. 


***  E  l).  01  was  calculated  assuming  E 


0.  145  E  0.01. 


LF  v : 

tAIJIA  I'lC'N  P.URS’l  AND 

(NFU IRONS  cm2) 
FITRONS  cm2' 


IF.UTRONS  cm"  > 

NEUTRONS  cm"; 

V  IRONS  i  HA! )Sl 

AN  I  MPIRICAL  M’MHEH 

LI-  MAXIMUM  OBTAINED 

'  I.s  AN  I-  MPIHICA1 

2.  rit'i 

ill  lo  THE  1 1  UAL  NUTKON 


k-ni  i* m i* •  i  test. 


Hi  {<ulsnl  r»k 
I.uw  k  \x  !uu  milliwatts 


th*  radial  it'n  bar:.!  u.i.s  aln  ad 


14, »  !  M 


— 

1 

2 

3 

4 

:< 

BURST 

NUMBER 

COMPONENT 

EXPOSED 

POWER 

LEVEL* 

s** 

(MICROSECONDS) 

INTEGRATED 
NEUTRON  FI.l 
kno 

iNK!  IRONS  on 

9 

COAXIAL  DUPLEXER 

HI  PULSED 

-  5 

2,  OH  \  11)12 

W,  G  CIRCULATOR 

LOW  CW 

1.  45  x  1012 

ALUMINUM  W  G  (AIR  FILLED) 

LOW  CW 

LOW  CW 

l.  U3  \  11)12 
1.  49  \  10 12 

10 

COAXIAL  DUPLEXER 

HI  PULSED 

+  15 

5  79  x  1012 

W/G  CIRCULATOR 

W,  G  DUPLEXER 

ALUMINUM  W,  G  (AIR  FILLED) 

LOW  CW 

LOW  CW 

LOW  CW 

1,  59  x  10*2 
I.  20  \  1 0 1 2 
1.  HI)  x  U'|12 

1 1 

W  G  CIRCULATOR 

HI  PULSED 

-  5 

1.  34  x  10 12 

W  G  DUPLEXER 

LOW  CW 

i  10  x  1 0  * 2 

11’ 

W  G  CIRCULATOR 

HI  PULSED 

-  3 

1  34  \  Hi'2 

W  G  DUPLEXER 

COAXIAL  LIMITER 

LOW  CW 

LOW  CW 

:tr>  x  io12 

;  91  \  lo12 

LI 

W  G  CIRCULATOR 

HI  PULSED 

-10 

,  4,1  x  10 12 

It 

W,  G  CIRCULATOR 

LOW  CW 

-42 

:  lit  \  lo'2 

15 

W,  G  CIRCULATOR 

COAXLAI,  LIMITER 

LOW  CW 

LOW  CW 

-30 

:  d  x  U)12 
*  :n»  x  11)12 

10 

W  G  CIRCULATOR 

LOW  CW 

-15 

17 

W  G  CIRCULATOR 

LOW  CW 

- 

,  M  x  10u- 

ALUMINUM  W  G  (111  DENSITY  I’OI.Y) 

LOW  CW 

!  \  Id12 

1H 

COAXIAL  CL,  ULATOR 

HI  PULSED 

0 

.  l;  \  io ' 2 

COAXIAL  LIMITER 

COAXIAL  CIRCULATOR 

ALUMINUM  W  G  (HI  DENSITY  POI.Y) 

1,0 W  CW 

LOW  CW 

LOW  CW 

1.  37  \  11.:  2 
1.  lr;  x  1012 

1  32  \  10 12 

_ 

TABLE  VI.  NEUTRON  AND /-RAY  DOSIMETRY  ;  VIDING  INTEGRAL  DOSE  AND  DO 
TO  THE  MICROWAVE  COMPDMNTS  AND  THE  OBSERVED  EFFECTS  i 


-  - 

3 

5 

ti  7 

8 

9 

10 

11 

|  lc 

POWER 

LEVEL* 

INTEGRATED 
NEUTRON  FLUX 

iMP  Ro  !•  i  ;>M>  -  Ens 

(NEUTRONS  cm2) 

_  j 

INTEGRATED  NEUTRON  FLUX  (BORON  BALL) 
(NEUTRONS  cm2] 

INTEGRATED  NEl  ’I  Is 
FLUX*** 

En  0.  01  (CALCULATL  ■ 
(NEUTRONS  cm2 

NEUTRON 
TISSUE 
1X)SE  Dn 
(RADS) 

PULSE 

WIDTH 

REACH 
i  PERU ) 

En  1.  5  j  En  0.  0 

En  0.  01 

_ 

Tw  (SEC.) 

T  (SEC 

Bn  PULSED  j  2.  09  x  1012 

t  ~ 

1.  44  x  1013 

3.  47  x  104 

50  x  10- r< 

"t"  ’ 

17  3  x  1 

Low  cw 

1.  45  X  1012 

1.  00  x  IO13 

7  41  X  104 

50  x  IO'2 

1  7  5  x  | 

LOW  W 

LOW  CW 

1.  03  x  1012 

1.  49  x  1012 

i 

7.  10  x  1012 

1.  03  x  1013 

L  71  x  104 

2  47  x  1G4 

50  x  IO-1’ 
50  x  10" 3 

17.  5  \  1 
17.  5  \  ] 

hi  pulsld 

2.79xl012 

, 

1.  75  x  1012  3.  70  x  1012 

4.  91  x  1012 

1.  92  x  1013 

i  63  x  104 

40  x  10',; 

lo.  1  x  ' 

LOW  CW 

LOW  CW 

LOW  CW 

1.  59  x  1012 

1.  20  x  1012 

1.  89  x  1012 

1.  10  x  1013 
"  .  J '  i  \  <  ‘ 
l  \  1"' 

’  04  x  104 

.  \  i" ! 

.  1  ,  X  in' 

40  x  10- 
40  x  10-° 
46  x  IO'1, 

10.  1  \ 

HI  PI  LSI.D 

1.  34  x  1U12 

1.  07  x  1012  3  10  \  IO12 

4.  55  x  1012 

9.  24  x  1012 

22  x  iO4 

50  x  IO-11 

17  5  \ 

low  cw 

1.  10  X  101'2 

H.  00  x  lu12 

i  93  x  104 

50  x  Hi"1' 

17  3  .. 

11!  PI  I  MU 

1  39  x  1012 

9.  59  x  1012 

2  31  x  104 

50  x  IO-1’' 

17  .3  \ 

LOW  CW 

LOW  i  W 

1.  35  \  iO12 

1.  21  X  ID12 

9.  31  x  10 12 

8.  34  x  1012 

24  x  104 

2.  01  X  104 

50  x  IO"1' 
50  x  IO’ (i 

17.  5  x 

17  5  x 

HI  PI  LSI  l> 

1.  40  X  1012 

9.  60  x  1012 

32  \  104 

50  x  IO-1’ 

17  '<  x 

LOW  CW 

1.  19  x  1U12 

H.  21  x  1012 

Jo  x  104 

GO  x  i<>-,; 

2  :  i  \ 

LOW  CW 

LOW  1  W 

1.  51  x  1IJ12 

1.  50  X  10>2 

1.  04  x  IO13 

1.  0  x  1013 

.  31  x  104 

2  ,  X  104 

50  x  io-f; 
50  x  10'b 

1  7.  3  x 
17.  3  x 

I  OW  i  'W 

1.  33  x  11112 

3.  02  x  ln12  5.  54  x  10'2 

s  :-5  x  10>2 

9.  17  X  10'2 

’  21  X  104 

52  x  10' 0 

18  2  X 

LOW  (  W 

1.  49  x  1U12 

1.  03  x  10* 3 

47  X  104 

I.«  iW  (  W 

1.  70  \  HI12 

1.21  x  IO13 

-'2  x  lo4 

III  Pi  LM.n 

1.  18  X  1012 

2.  85  \  lu'2  5.  34  \  id'"-’ 

7.  77  x  IO1-’ 

H.  14  \  1012 

i  90  X  IQ4 

50  x  IO"1, 

17.  o  X 

LOW  CW 

LOW  cw 

L(  )W  1  'W 

i  0 

1.  37  x  10- - 
1.  18  x  1U12 

1.  52  \  IO'2 

9.  45  x  1012 

8.  14  x  1012 

1.  05  x  1013 

27  x  104 

1. 9(1  x  104 

3  >2  x  104 

50  x  10' (i 
50  x  IO’*1 
50  x  10-,: 

17.  5  .x 
17.  3  x 

17.  X 

-  - 

..  _  i 

_ 1 _ 

3 


n ' EG R AL  DOSE  AND  DOSE  RATE  EXPOSURES 
(HE  OBSERVED  EFFECTS  (SHEET  2) 


11 

12 

13 

14 

15  j 

lb 

I'PLSE 
WIDTH 
\  'SEC. ) 

REACTOR 

PERIOD 

T  (SEC.  ) 

R 

(1.  SEC.  ) 

PEAK  INCIDENT 
NEUTRON  FLUX 

REn  0.01  (CALCULATED 
(NEUTRONS  cm2  SEC.  ) 

INTEGRATED  ; 
GAMMA  1 

DOSE  Dgr  i 

(RADS) 

1 

PEAK  INCIDENT 
GAMMA 

DOSE  Dgr 
(RADS  SEC.  ) 

■I'  \  10-6 

17.  5  x 

10-6 

1.  43  x  104 

2.  06  x  lOH 

4.  05  x  103 

3.  72  x 

107 

0  \  10'li 

17.  3  x 

10-6 

1.  43  x  104 

1.  43  x  107 

3.  25  x  103 

2.  59  x 

107 

II)  \  10-’’ 

\  10-<; 

17.  -3  \ 
17.  5  x 

10-6 

lO-6 

1.  43  x  104 

1.  43  x  104 

2.  45  x  lO46 

1.  47  x  lO47 

2.  05  x  103 

3.  45  x  103 

1.  83  x 

2.  65  x 

107 

107 

f.  \  nr1' 

16.  1  x 

10*6 

1.  55  x  104 

2.  98  x  10 1 7 

5.  60  x  103 

5.  38  x 

107 

pi  x  10-6 

P  \  10-6 
*  '  I0-,J 

16.  1  x 

1  \ 
I**,  1  \ 

lO’6 

M'" 

-Il 

n* 

1.  55  x  104 

1.  71  x  lO47 

'•-"'"I; 

2.  "2  \  in 

3.  25  x  103  ; 

2.  95  x  103 

3.  50  x  103 

3  07  x 

j .  1 .  •  \ 

io7 

.  ■■  10-,; 

1 7.  5  x 

10-6 

1.  43  x  104 

1.  32  x  1017 

1.  85  x  103 

2  38  x 

107 

.1  Ilf1' 

17.  5  x 

lO"6 

1.  43  x  104 

1.  14  x  1017 

2.  90  x  103 

2.  07  x 

107 

1  v  nrr* 

17.  5  x 

lO"0 

1.  43  x  104 

1.  37  x  1017 

2.  95  x  103 

2.  48  x 

107 

nr11 

l  •.  10-6 

17.  5  x 
17.  5  x 

lO'6 

lO"6 

1.  43  x  104 

1.  43  x  104 

1.  33  x  1017 

1.  19  x  1 0 1 7 

1.  90  x  103 

2.  30  x  103  i 

2.  40  x 
2.  16  x 

107 

107 

-|  \  10-6 

17  5  x 

lO’6 

1.  43  x  104 

1.  38  x  1017 

3.  15  x  103 

2.  49  x 

107 

s  10-6 

21.  0  x 

lO*6 

1.  19  x  104 

9.  77  x  10'6 

2.  55  x  lO3 

1.  77  x 

107 

\  10*  f; 

17.  5  x 
17.  5  x 

10-6 

10*6 

1.  43  x  104 

1.  43  x  104 

1.  49  x  10 1 7 

1.  49  x  lO'7 

3.  05  x  103 

3.  6  X  103 

2.  69  x 
2.6  x 

107 

H)7 

\  10-6 

18,  2  X 

10-6 

1.  37  x  104 

1.  26  x  10'7 

2.  80  x  103 

2.  27  \ 

1J7 

3.  15  x  103 

2.  40  x  103 

1  •.  l(  F  *  1  ‘ 

17.  r>  x 

10-6 

1.  43  x  104 

1.  16  x  1 0 1 7 

2.  85  \  103 

2.  10  \ 

lu7 

i'  ■.  Br,; 

>0  X  10- 6 
■II  \  10-6 

1  7.  f>  X 
17.  5  x 
17.  5  x 

10-6 

10-6 

lO’6 

1.  43  x  104 

1.  43  x  104 

1.  43  x  104 

1.35  x  1017 

1.  16  x  1 0 1 7 

1.  50  \  1017 

2.  85  x  103 

2.  85  x  103 

2.  00  x  103 

2.  44  x 
2.  10  •; 
2.  70  x 

111" 
i  o; 

HP 

4 


RADIATION 


0.  15  DB  INCREASE  IN  MO 
0.  06  DR  DECREASE  IN  INS 
0.  12  DB  INCREASE  IN  INS 
NO  CALIBRATION  ON  VSW 
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5.  CONCLUSIONS 


Tilt-  following  conclusions  are  based  oil  the  operation  of  C -band  microwave 
components  at  power  levels  of  100  milliwatts  (low  power)  and  5  kilowatts  (hit'll  power) 
at  a  frequency  of  5.  6  Ge  and  in  a  radiation  environment  of  the  content  and  duration  of 
that  produced  during  a  burst  at  the  SPRF.  The  radiation  effects  on  the  operating 
characteristics  of  the  components  are  the  following: 

5.  1  WAVEGUIDE  TO  COAXIAL  ADAPTERS 

The  average  transient  decrease  in  the  signal  level  passing  through  the  adapt¬ 
ers  using  rexolite  beads  was  approximately  0.  Idb  at  low  rf  power.  Under  the  same 
operating  conditions,  the  average  transient  decrease  in  the  signal  level  passing  through 
the  adapters  using  polyethylene  beads  was  less  than  0.2  db  or  approximately  twice  that 
of  tlie  rexolite  beads.  Transient  effects  observed  at  high  rf  pulsed  power  were  of  com¬ 
parable  magnitude. 

5.2.  ALUMINUM  WAVEGUIDE  SECTIONS 

Air  ionization  effects  in  waveguide  have  been  noted  in  previous  experiments 
Tests  performed  during  this  interim  using  carelully  selected  adapters  (Rexolite  beads) 
are  consistent  with  the  previous  conclusions.  Solid  dielectric  inserts  reduce  the 
ionization  effects  and  thus  the  transient  increase  in  insertion  loss  per  loot;  however 
these  inserts  increase  the  static  insertion  loss  of  the  waveguide  by  approximately  an 
order  of  magnitude. 

5.3.  COAX  I A  L  ISO  LA  TO  R 

The  radiation  effects  observed  were  less  Ilian  0.  1  db.  The  device  seems  to 
be  fully  acceptable  for  use  m  a  radiation  environment. 

5.4  COAXIAL  CIRCULATOR 

The  high  and  low  power  transient  eifects  observed  for  this  device  are  less  than 
0.05  db.  This  device  seems  to  be  lull y  operational  in  a  transient  radiation  environ¬ 
ment. 

5.5  COAXIAL  LIMITER 

Hie  transient  radiation  eifects  observed  lor  this  device  at  low  r-f  power  are 
less  than  0.  1  db  and  are  thus  acceptably  low.  At  high  power  the  signal  level  out  ol 
the  limiter  increases  b\  approximately  10  db.  The  basic  source  oi  this  effect  is 
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believed  to  l>i>  associated  with  the  teflon  bead  used  for  the  single  crystal  sphere  holder 
and  cross  strip  spacer.  Some  redesign  and  additional  tests  on  the  device  seem  re¬ 
quired  to  produce  a  fully  radiation  resistance  gyro  magnetic  coupling  limiter. 

1.6  COAXIAL  DUPLEXER 

This  device  composed  of  the  coaxial  Y-junetion  circulator  and  the  coaxial 
limiter  seem  to  be  acceptable  for  use  in  a  radiation  environment.  The  observed  aver¬ 
age  transient  radiation  effects  were  less  Ilian  0.2  db.  The  isolation  provided  by  the 
circulator  seems  to  1  educe  the  rf  power  reaching  the  limiter  to  a  magnitude  below 
that  producing  the  adverse  effects  observed  in  the  tests  of  the  limiter  alone.  This  of 
course,  depends  on  the  application  and  system  environment  of  the  duplexer. 

5.  7  WAVEGUIDE  JUNCTION  CIRCULATOR 

The  average  transient  radiation  effects  observed  for  this  component  at  low  or 
high  power  are  less  than  0. 15  db.  The  operation  of  this  device  seems  acceptable  for 
utilization  in  a  radiation  environment. 

5.8  WAVEGUIDE  DIFFERENTIAL  PHASE  SHIFT  DUPLEXER 

The  average  transient  radiation  effects  observed  for  this  component  at  low  or 
high  power  are  less  than  0.  3  db.  A  large  portion  of  this  observed  effect  is  possibly 
associated  with  the  waveguide -to -coax  adapters  required  to  perform  the  tests.  The 
actual  radiation  effects  in  the  duplexer  proper  is  probably  near  0. 1  db. 

5.!)  MAGNETRON  AND  FREQUENCY  METER 

Tests  on  the  Itare  magnetron  operating  in  the  pulse  radiation  environment 
produced  no  deterioration  in  the  pulse  shape  or  magnitude.  Previous  experiments 
which  included  the  pulse  transformer  and  associated  circuitry  produced  results  show¬ 
ing  large  decreases  in  output  power  during  and  just  after  the  radiation  burst.  These 
elfects  are  attributed  to  the  pulse  transformer  and  circuitry  supplementary  to  the  mag¬ 
netron.  The  magnetron  itself  apparently  operates  without  deterioration  during  the 
radiation  liurst. 

The  obseived  signals  from  the  trequenev  meter  tests  could  not  be  fully  ana¬ 
lyzed.  However,  the  characteristics  ot  the  transmission  cavities  apparently  were  al¬ 
tered  during  the  burst  producing  large  excrusions  in  the  output  signal. 

■>.  10  GENERAL 

In  general,  the  effects  ot  the  radiation  experimental  tests  during  this  period 
agree  well  with  those  reported  for  previous  periods.  With  the  exception  of  the  coaxial 


limiter,  the  observed  efforts  at  high  r-f  power  levels-!  15  Kw)  agree  well  with  those 
observed  at  low  ew  power. 

The  operating  characteristics  of  all  the  feri’ite  duplexing  components  tested 
in  the  pulsed  radiation  environment  (with  the  possible  exception  of  the  coaxial  gyro- 
magnetic  coupling  limiter)  arc  not  altered  severely.  Each  component  would  be  accept¬ 
able  for  utilization  toward  radiation  resistant  or  hardened  microwave  system. 

The  significance  of  these  conclusions  to  the  microwave  equipment  designer  is 
as  follows: 

The  gyromagnetic  coupling  limiters  can  not  be  expected  to  retain 
their  full  limiting  characteristic  when  exposed  to  pulsed  radiation 
and  high  rf  power.  In  critical  power  limiting  situations,  some  de¬ 
gree  of  radiation  resistant  development  will  be  needed  for  the  lim¬ 
iter  to  perform  properly.  All  of  the  other  components  tested  seem 
fully  acceptable  for  utilization  in  radiation  resistant  microwave  e- 
quipment. 

The  significance  of  these  conclusions  to  thts  microwave  tube  designers  is  the 
following: 

The  magnetron  (MA-220)  and  pulse  transformer  exhibited  large 
transient  effects  during  the  radiation  burst  and  recovery  time 
(lingering  effects)  are  long  (much  longer  than  150  microseconds). 

The  magnetron  itself  exhibits  radiation  res  istant  characteristics. 

Radiation  effects  in  the  pulse  transformer  and  associated  driver 
circuitry  produce  the  observed  deteriorating  effects. 

The  significance  of  these  conclusions  to  individuals  engaged  in  the  study  of 
radiation  damage  mechanisms  is  the  following: 

Ionization  produced  by  gamma  rays  and  the?  resultant  electrons  is 
the  most  prominent  radiation  damage  meclianism  observed  in  the 
studies  of  transient  radiation  effects  on  nu  cm  wave  duplexing 
equipment. 
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7.  PROGRAM  FOR  NEXT  INTERVAL 

(1  MARCH  1964  TO  31  JULY  1964} 


The  data  collected  during  the  entire  program  will  be  further  analyzed  and 
integrated.  A  thorough  analysis  and  interpretation  of  the  results  of  the  program  will 
be  formalized  leading  to  the  preparation  of  the  final  report. 
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Ft.  Monmouth,  N.  J.  07703 

Commander 

Aeronautical  Systems  Division 
ATTN:  ASNXRR 

Wright- Patterson  Air  Force  Base,  Ohio  45433 


Ilq. ,  Aeronautical  Systems  Division 
ATTN:  ASUNE 

Wright-Patterson  Air  Force  Base,  Ohio  45433 

Commander  ,  Romo  Air  Development  Center 
ATTN: RAALD 

(iriffiss  Air  Force  Base,  N.Y.  13442  ■  - 

Commander 

Air  Force  Cambridge  Research  Laboratories 
ATTN:  CRXL-R 
L.  11.  Hanscom  Field 
Bedford,  Mass  01731 

Commander,  Air  Force  Command  and  Control  Development  Division 
ATTN:  CRZC 

1.. G.  Hanscom  Field 

Bedford,  Mass.  01731 

HO.  ,  Electronic  Systems  Division 
ATTN:  ESTI 

1..  (I.  Hanscom  Field 
Bedford,  Mass.  01731 

AFSC  Scientil ic/Technical  Liaison  Office 
I'SAEI.UDL 

-Flr-Momnouth  T-?>L-L - U7703 _  _ 

AFC'  Scientific/Technical  Liaison  Office 
F.S.  Naval  Air  Development  Center 
•Johnsvillc,  Pa.  18974 

Commanding  Ofticer 

F.S.  Army  Electronics  R&D  Activity 

ATTN:  SEIAVS-A 

White  Sands,  N.  Mexico  88002 


No,  of  copies 
1 

1 


1 

1 

1 


1 


1 

1 

1 


1 
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Address  No.  of  copies 

Radiation  Effects  Information  Center 

Battelle  Memorial  Institute 

505  King  Avenue 

Columbus,  Ohio 

ATTN:  Mr.  D.  C.  Jones  1 

Chief  i 

Defense  Atomic  Support  Agency 
ATTN:  DASARA-4 
Washington,  I).  C.  20301 

Director  2 

Defense  Atomic  Support  Agency 
ATTN:  Document  Library  Branch 
Washington,  D.  C.  20301 

Commander  Field  Command 
Defense  Atomic  Support  Agency 
ATTN:  FCWT 
ATTN:  SPRF  Coordinator 
Sundia  Base 

Albuquerque,  N.  Mexico  87115 


Director 

Defense  Intelligence  Agency 
ATTN:  D1AAP-1K2 
Washington,  D.  C.  22212 

Director 

Advanced  Research  Projects  Agency 
Washington,  D.  C.  20301 
ATTN:  la.  Col  W.  H.  Innes 
ATTN:  Maj  G.  L.  Shenvood 

Chief  of  Research  and  Development 

Department  of  Army 

Washington,  D.  C.  20301 

A1TN| _ Lt.  Col  D. _ Baker ,  Atomics  Division 

Commanding  General 
F.S.  Army  Materiel  Command 
ATTN:  AMC RD-DE-N 
Washington,  D.  C.  20315 

IKi  Army  Materiel  Command 
Development  Div, ,  Nuclear  Br,  AMCRD-DN 
ATTN:  Mr.  Stulman 
Washington,  D.  C.  20315 


1 


Commanding  Officer 

I’.S.  Army  Office  of  Special  Weapons  Development 
ATTN:  Major  Doerflinger 
Fort  Bliss,  Texas 

Commanding  Officer 

Harry  Diamond  Laboratories 

ATTN:  Chief,  Nuclear  Vulnerability  Branch  (230) 

Washington,  D.C.  20438 


Commanding  General 

C.  S.  Army  Munitions  Command 

Picatinny  Arsenal 

Dover,  N.J. 07801 

Attn:  Mr.  it.  K.  Benson 

Commanding  Officer 
U.S.  Army  Electronics  Laboratories 
ATTN:  AMSEL-RD-PE  (Dr.  E.  Both) 
ATTN:  AMSEL-RD-P  (B.  Louis) 
Fort  Monmouth,  N.  J.  Q7703 

Chief  of  Naval  Research 
Navy  Department 
ATTN:  Codes  418  and  427 
Washington  2',  D.  C. 

Chief,  Bureau  of  Ships 
Navy  Department 
ATTN:  Code  362B 
Washington,  D.C.  20360 

Chief  of  Naval  Operations 
Navy  Department 
ATTN:  OP-754 
Washington, ~DTC7~  20350 

Chief,  Bureau  of  Naval  Weapons 
Navy  Department 
ATTN:  RMGA-S  and  RRNU 
Washington,  D.C,  20360 

CO,  Naval  Weapons  Evaluation  Facility 
ATTN:  Code  3434 
Kirtland  Air  Force  Base 
N.  Mexico  87117 
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Address 

-  No.  of  copies 

Commander 

Naval  Ordnance  Laboratory,  White  Oak  1 

ATTN:  Mr.  Grantham 

Silver  Spring,  Maryland  20390 

Commanding  Officer  2 

Naval  Ordnance  Laboratory 

ATTN:  Dr.  Bryant 

Corona,  California  91720 

Commander  2 

l .  S.  Naval  Applied  Science  Lab. 

V.  S.  Naval  Base 
Brooklyn  1 ,  N.  Y 

Commanding  Officer 

Naval  Air  Development  Center 

Johnsvillc,  Pa.  18974 

Commanding  Officer  2 

Naval  Aviation  Materiel  Center 
Philadelphia,  Pa. 

Commanding  Officer  and  Director  2 

L .  S.  Naval  Radiological  Defense  Laboratory' 

San  Francisco  24,  California 

HQ.  USAF 
ATTN:  AFDRP-S 

ATTN:  AFTAC  1 

ATTN:  AFRDC/NE  1 

Washington,  D.  C.  20380 

ADC  (ADOOP) 

Ent  AFB 

-  C  -  M+912  ~  ~  ■ — 

1 

AFSC(SCK,  DCS/R&E) 

Andrews  AFB  1 

Md  20;s;!l 


HQ.  AFW1. 

Kirtland  AFB,  N.  Mexico  87117 
ATTN:  (WLDN) 

(WLRPA)  1 

(WLL)  1 

1 


No  of  copies 


Address 


Al'CiC  (PC, API) 

Kglin  A  FI! 

Fla.  02542  1 

USD  (BSKGA)  Norton  A ]•' B ,  Calif.  92409  1 

FID  Fl'D-BI)  Wriglu-Patterson  AFB,  Ohio  45433  1 

It  ADC  ATTN:  HAS  Griltiss  AFB  NY  13442  1 

ATTN:  KA8SM-1  1 

IHj  K\T  Div  Bolling  AFB  Washington,  D.  C.  20332  1 

s.\C  (DIM. FAT  and  (OAWS)  Olfutt  Al'B  Nobr.  08113  1 

SSI)  (SSI'S)  and  (SSZME1  al  Pnit  Post  Office  1 

I  os  Angelos  45,  ('alii. 

T\C  (TIM. -HOD- Ml  Langley  A FB  Ba.  23305  1 


Admiral  Corporation 
•  isoo  Cortland  Street 
Chicago  IT,  ill. 

ATTN:  Mr.  K.  Whitner  1 

I  he  Johns  Hopkins  Fniversity 
Applied  Physics  Laboratory 
s02  1  < leorgia  Avenue 
Silver  Spring,  Md 

ATTN:  Mr.  Robert  Freiberg  (Via  BuWeps.  Hep.  APL/JIIU)  1 

AKINC  liesoareh  Corporation 
1  Too  l\  Street  N.  W. 

Washington,  D.C.  20000 

\TTN:  Mr.  Win.  II.  VonAlven  I 

Bell  Telephone  Labs.  ,  Inc.  ] 

103  West  Street 
New  York,  N.Y 

I  hi-  Boeing  Conipain  ,  Aerospace  Division 
TT4.'.  F.  Marginal  Way 
Seattle  s,  Washington 
A  I  I  N-  Dr.  Glenn  Keister 


1 


Dago  !* 


.Address  No.  of  copies 

Iirookhavon  National  Laboratory 
'I'wh  Into  l)Lv.  ,  Documents  Group 
I'pton,  Long  Island,.  N.  V.  1197.'! 

.ATTN:  Dr.  G.  II.  Vineyard  1 

Hue  roughs  Corporation 
Central  Avenue  &  Route  -<>2 
I’aoli,  I'a. 

.ATTN:  Mr.  Alton  L.  Long  1 

Clonernl  Atomic  Div. 

I’.O.  Box  S.  Old  San  Diego  Sts. 

San  Diego,  Calil. 

.ATTN:  Dr.  V.  A.  .T.  Van  Lint  1 

Dig  .1.  L.  Russell  I 

vlenoral  Dynamics  C’orp. 

(Grants  Lane 
Fort  Worth  I ,  Tex. 

.ATTN:  Mr.  E.  L.  Burkiiard  1 

(General  Electric  Co. 

Hr- Entry  Systems  Dept 
:  ,19s  Chestnut  St. 

Philadelphia  1 ,  Da 

.ATTN:  Mr.  .1.  E.  Duncan  1 

(General  Electric  Company 
Power  Tube  Dept 
Hid o  jt;;t  l  Ri\ (>r  lid 
Schenectady,  N.  V 

ATTN:  Mr.  David-!.  Hodges  1 

(  '.moral  Electric  Co. 

Iladiation  Ellecls  Operation,  Bldg  I  I,  Electronics  Dark 
Syracuse,  N.  V. 

ATTN:  Mr.  dolm  Sinisgalli  1 

General  Electric  Company 
Iladiation  Elh'cts  Operations 
Iildg;  1  i  ,  Electronics  Dark 
Syracuse,  N.  Y 
ATTN:  Mr.  1..  Dee 


1 


1  Ml 


Address 

Ccorgia  Institute  ol  Technology  and  Engineering  Experiment 
Station,  722  Cherry  Street,  N.W. 

Atlanta  M">,  (in. 

ATTN:  Dr.  It.  B.  Reiser 

Hughes  Aireralt  Company 
Florence  and  Teale  Streets 
Culver  City,  C alii. 

ATI  N:  Dr.  C.  Perkins 

Hughes  Aireralt  Company 
Crottnd  Systems  Croup 
Dio)  W.  Malvern  Ave. 

Fullerton,  Calil. 

ATTN-  Mr.  T.  D.  Ilanscome  MS  D9D/B1 22 

International  Business  Machine  Corporation 
Uoute  1  7C 

i  Kvego .  N.  V.  1  2 s ■_! 7 
\TTN:  Mr.  Bohan 

Lockheed  Aireralt  Corporation 
Missile  &  Space  Division 
11 1  1  1  .ockheed  Way, 

Sunn.wale,  Calil. 

ATTN:  Mr.  II. D.  Warslunv,  Department  58-1 1 

Martin-Marietta  Corp. 

1  rierdship  ltd. 

Friendship  Inti.  Airport 
Baltimore.  Md. 

Martin-Mariet'a  Corporation 
Middle  Liver 
Baltimore.  Md. 


Massachusetts  Inst,  ol  Technology 
Lincoln  Lull. 

_• !  I  Wood  St. 

Lexington.  Mass. 

\T'!  N:  Documents  l.iLrarian 

Motorola  Semiconductor  Projects  DI\. 
■  •on;,  F.ast  McDowell  ltd. 

Piioi-mx,  Arizona 
A  I  1  N:  Mr.  -loseph  I..  Flood 


No.  of  copies 


1 


1 


1 


1 


1 


1 


1 


1 


Pn.no  1  1 


Address 


No,  of  copies 


New  York  University 

Washington  Square,  New  York,  N.  Y.  10003 

ATTN:  Prof.  H.  P.  Kallmann,  1 

North  American  Aviation  Corp. 

Atomies  International  Div. 

31000  Van  Owen  St. 

Canoga  Park,  Calif. 

ATTN:  Dr.  A.  Saur  1 

North  American  Aviation  Corp. 

Autonetics  Div. 

0150  Imperial  Highway 
Downey,  Calif. 

ATTN:  Mr.  T.C.  C.etten  1 

Northrup  Vantura 

1515  Kancno  Conejo  Hlvd. 

Newbun  Park,  Calif.  01320 

ATTN:  Dr.  T.  M.  Hallman  1 

Radio  Corporation  of  America 
Harrison,  N.  J.  07020 

ATTN:  Mr.  -l.J.  Comma  1 

Radio  Corporation  oi  America 
New  Holland  Pike 
Lancaster,  Pa 

ATTN:  Mr.  Herman  A.  Stern  1 

I ’SAP  Project  RAND,  Via  A  !■'  Liaison  Office 
The  RAND  Corporation 
17oo  Main  St  reel 
Santa  Monica,  Calil. 

ATTN:  Mr.  J.  While  nor  1 

Ra\  tlu'on  Co.  . 

55  Chapel  St.  , 

Newton  5s,  Mass. 

ATTN:  Mr.  Francis  -I.  Harry  1 

President,  Sandia  Corporation 
Sandia  Rase,  Albuquerque,  N.  Mexico  S 7 1 15 
ATTN:  Dr.  -l.W.  Maslov,  5300 


1 


Rage  1- 


Address  No.  of  copies 

President,  Sandia  Corporation 

Sandia  liaso,  Albuquerque,  N.  Mexico  87115 

ATTN:  Dr.  Carter  D.  Broyles  5413  1 

President,  Sandia  Corporation 

Sandia  Base,  Albuquerque,  N.  Mexico  87115 

ATTN:  A.  \V.  Synder,  5818 

ATTN:  S.C.  Rogers  5821  1 

Sperry  (lyroscope  C  '. 

Mail  Stop  1A8(> 

Croat  Neck,  N.  V.  11020 

ATTN:  Mr.  .1.  Rogers  1 

Stevens  Institute  of  Technology 
501  and  711  Hudson  Street 
Hoboken,  N.J. 

ATTN:  Dr.  E..J.  Henley  1 

Sylvania  Electric  Prod.  Inc. 

Euporium,  1'a.  15884 

ATTN:  Mr.  II.  C.  Pleak  1 

S\  1\ ania  Electric  Products,  Inc. 

Microwave  Device  Division 
I syi  East  Third  St. 

Williamsport,  Pa. 

ATTN:  Mr.  John  II.  O’Neill  1 

TRW  Space  Technology  Labs 

Thompson-Ramo-Woolbridge,  Inc.  1 

1  Space  Park( 

Redondo  Beach  Calif. 

Tung-Sol  Electric,  Luc. 

2oo  Bloomlield  Ave. 

Bloomfield,  N.J. 

ATTN:  Mr.  Max  Bareiss 

Yarian  Associates 
oil  Hansen  Way 
Palo  Alto,  ('alii. 

\TTN:  Dr.  J.  Haimson 


1 
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Address  No.  of  copies 

r.S.  Army  Electronics  Laboratories 

ATTN:  AMSEL-RD-PE  1 

ATTN:  AMSEl.-RD-PF  1 

Fort  Monmouth,  N.  J.  07701! 

F.S.  Atomic  Energy  Comission  3 

Office  of  Technical  Information  Extension 
P.O.  Box  02 
Oak  Ridge,  Tenn. 


Scientific  &  Technical  Info.  Facility 

ATTN:  NASA  Rep.  (SAK/DL-402)  1 

P.o.  Box  3700,  Bethesda,  Md.  20014 

Commanding  General,  USAECOM 

ATTN:  AMSEL-RD-PE M  (Dr.  I.  Bady  1 

AMSEL-RD-PEE  (Mr.  N.  Lipetz)  1 

AMSE I.-RD-PRM  (Mr.  VV.  H.  Wright)  1 

Fort  Monmouth,  New  Jersey  07703 


General  Electric  Co.  ,  Receiving  Tube  Dept 
310  East  Ninth  St. 

Owensboro,  Ky, 

ATTN:  Mr.  Daniel  D.  Mickey  1 

General  Electric  Co. 

001  California  Avenue 
Palo  Alto,  Calif. 

ATTN:  Or.  F.  B.  Fank  1 

Proeedyne  Associates,  Inc. 

221  Somerset  St. 

New  Brunswick,  N.J. 

ATTN:  Dr,  Robert  Stal  l  in  1 

State  ol  New  York  Executive  Dept 
Office  ol  Atomic  Development 
P.O.  Box  7030 
Albany,  N.  Y. 

ATTN:  Mr.  Oliver  Townsend 


1 


Address 


No.  of  copies 


Sperry  Microwave  Electronics  Co. 

1>.  O.  Box  1828 
Clearwater,  Florida  :i:J33 7 

ATTN:  Dr.  Gordon  It.  Harrison  1 


This  contract  is  supervised  by  the  Techniques  Branch,  Electron  Tubes  Division, 
ECD,  USAECOM,  Ft.  Monmouth,  N.  J.  For  further  technical  information  contact 
Frank  Palmisano,  Project  engineer,  telephone  201-59-61581. 


